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Is Anesthesia Therapeutic? 
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Stanley H. Rosenbaum, mp and Paul G. Barash, Mp 


Key Words: ANESTHETIC TECHNIQUES, 
EPIDURAL—treatment of angina. HEART, 
ANGINA—treatment with epidural block. 


The discovery and application of anesthesia is one of 
medicine’s most important contributions to human- 
ity. Despite its impact, modern anesthesia is often 
regarded as merely a technique for facilitating surgi- 
cal procedures. Other than its effect on pain relief, 
can anesthesia be regarded as truly therapeutic? 
Blomberg and colleagues, in this issue of Anesthesia 
and Analgesia, detail a study in which patients with 
severe coronary artery disease and unrelenting an- 
gina pectoris derive a significant therapeutic effect 
from thoracic epidural anesthesia (TEA) (1). 
Sympathetic blockade produced by a high epidural 
anesthetic has been known for some time to affect 
coronary blood flow. Sivarajan et al. found that in 
monkeys with normal coronary arteries, TEA de- 
creases both mean blood pressure and coronary 
blood flow (2). Despite the large decrease in coronary 
blood flow, their data indicated that perfusion was 
adequately matched to myocardial oxygen demand. 
Vik-mo et al. subsequently observed in a study of 
dogs that TEA reverses the ST-segment changes 
induced by experimental coronary artery occlusion 
(3). Klassen et al., also employing a canine model of 
acute coronary occlusion, demonstrated that the en- 
docardial/epicardial blood flow ratio increased follow- 
ing TEA (4). Using a similar model, Davis et al. 
confirmed these observations (5). More importantly, 
Davis et al. discovered that not only did thoracic 
sympathetic blockade enhance regional myocardial 
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blood flow, but it also reduced the anatomic extent of 
the experimentally induced infarction. Three subse- 
quent studies have evaluated the circulatory effects of 
TEA in patients with significant coronary artery dis- 
ease undergoing noncardiac operations (6-8). These 
perioperative clinical investigations have shown that 
in patients with ischemic heart disease TEA results in 
decreases in the indices of both myocardial oxygen 
supply and demand. 

Therefore, it was reasonable for Blomberg et al. to 
hypothesize that a beneficial effect of TEA might be 
observed in cardiac patients in a coronary care unit 
environment. In this provocative study of the bene- 
fits of TEA in the treatment of myocardial ischemia in 
patients with severe angina pectoris unresponsive to 
multiple medical regimens, TEA achieved more than 
mere control of pain. Thoracic epidural anesthesia 
reduced myocardial oxygen demand by decreasing 
systolic arterial blood pressure, heart rate, and pul- 
monary capillary wedge pressure without significant 
changes in coronary perfusion pressure or cardiac 
output. The authors hypothesize that the beneficial 
results of TEA in this unique setting derive from 
alterations in myocardial oxygen supply-demand re- 
lationships, as well as a more favorable transmural 
redistribution of coronary blood flow. 

Admittedly, the report by Blomberg et al. can be 
regarded only as preliminary work on the clinical 
value of TEA for patients in a coronary care unit. 
Although TEA is relatively easy to administer, a word 
of caution or perhaps more appropriately a statement 
of caveat emptor is justified. The authors do not give 
us detailed data that would assure us that the use of 
nitroglycerin, calcium channel blockers, beta block- 
ers, and analgesics were genuinely optimized before 
the administration of TEA. Measurement of myocar- 
dial lactate extraction, as well as documentation of 
ischemia by noninvasive methods (e.g., echocardiog- 
raphy, radionuclide angiography, etc.), must be done 
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before we can be certain that the benefits reported 
with TEA are truly more than pain relief. The role of 
the systemic absorption of the local anesthetic agent 
needs to be clarified, particularly given that Watwil et 
al. observed a significant hemodynamic effect from 
vascular absorption of the drug following TEA ad- 
ministration (9). Finally, TEA is not without compli- 
cations. Is the use of TEA justified in a group of 
patients to whom drug(s) with anticoagulant proper- 
ties are administered? How well can a patient with 
unstable angina respond to total sympathetic block- 
ade secondary to unintentional subarachnoid injec- 
tion (9)? Is it possible that an adverse hemodynamic 
response will occur when TEA is administered to 
patients receiving antianginal medications such as 
nitrates, beta blockers, and/or calcium channel block- 
ers (7,10,11)? Commenting on the clinical implica- 
tions of a study that used TEA (4), Merin expressed 
analogous reservations (12). He appropriately made 
the point that whereas autoregulation is efficient in 
the normal heart, the control of coronary circulation 
in patients with ischemic heart disease is dependent 
on blood pressure. Thus, the effects of acute, signif- 
icant, and often unpredictable decreases in the sys- 
temic blood pressure can have deleterious conse- 
quences. 

Despite the above, the suggestion of therapeutic 
benefit has been made, and a body of knowledge 
exists that proposes several possible mechanisms for 
the salutary effects of TEA seen in Blomberg’s pa- 
tients. On a global basis, TEA decreases myocardial 
oxygen demand (2,5-8). Reduction in wall stress, 
heart rate, and inotropy have all been reported. 
Despite the potential for a “coronary steal,” improve- 
ments in perfusion to ischemic areas have been 
observed (4,5,13,14). This effect may be on the basis 
of reduced left ventricular wall pressure with a redis- 
tribution of blood flow to the subendocardial layer. 
Conversely, thoracic sympathetic blockade decreases 
cardiac autonomic tone and thus may favorably alter 
the endo/epicardial blood flow ratio. However, this 
mechanism is thought to be only a minor determinant 
of transmural coronary blood flow (3,12,15). TEA also 
alters myocardial metabolism and reduces the uptake 
of catecholamines (3,6,7). Acute sympathetic block- 
ade has been hypothesized to inhibit lipolysis within 
the ischemic area, thereby decreasing regional myo- 
cardial oxygen consumption and reducing the sever- 
ity of the ischemic injury. Finally, the possible effect 
of sympathetic blockade on coronary vasoconstriction 
distal to coronary stenoses is apt to be involved. 
Heusch et al. have shown that sympathetic post- 
stenotic vasoconstriction can be blocked by epidural 
anesthesia (13,14). Poststenotic ischemia may activate 


EDITORIAL 


further sympathetic discharge via spinal reflexes, and 
produce a positive feedback mechanism leading to a 
vicious cycle of progressive vasoconstriction and 
worsening of myocardial ischemia. The persistent 
therapeutic effect of TEA in alleviating ischemia may 
be due to blocking of this feedback mechanism. 

In recent years anesthesiolcgists have brought 
knowledge, equipment, and procedures to parts of 
the hospital where general and/or regional anesthe- 
sia, without surgery or the presence of surgeons, is of 
benefit to patients. The work reported by Blomberg et 
al. may lead to a further expansion of the role of 
anesthesiologists. We are starting to see the use of 
classic anesthetic techniques in novel settings as a 
therapy for preservation of the jeopardized myocar- 
dium (16). If additional data demonstrate the empir- 
ical value of these techniques, the mission of the 
anesthesiologist will expand and the continuing con- 
tributions of our specialty to humanity will add to the 
importance of the pivotal discoveries of Drs. Long, 
Morton, Wells, and Koller. 
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Thoracic Epidural Anesthesia and Central Hemodynamics in 
Patients with Unstable Angina Pectoris 
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Thoracic epidural anesthesia and central hemodynamics in 
patients with unstable angina pectoris. Anesth Analg 
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The effects of high thoracic epidural anesthesia (TEA) on 
central hemodynamics as measured by pulmonary arterial 
catheterization were studied in nine patients with severe 
coronary artery disease and unstable angina pectoris. The 
patients were also treated with a combination of beta- 
blockers, calcium antagonists, and nitrates, as well as 
salicylates, low-dose heparin, and nitroglycerin infusion for 
>24 hr. Management of pain with high TEA was started 
with the bolus epidural injection of 4.3 + 0.2 mL bupiv- 
acaine (5 mg/mL), which induced a sympathetic blockade 
from Th,_g. During ischemic chest pain, pulmonary artery 


Thoracic epidural anesthesia (TEA), including a 
blockade of the cardiac sympathetic afferents and 
efferents, may have beneficial effects on the ischemic 
myocardium. During experimental myocardial isch- 
emia in anesthetized animals, TEA reduces the major 
determinants of myocardial oxygen consumption, 
i.e., mean arterial pressure, heart rate, and contrac- 
tility (1,2). Furthermore, during coronary occlusion in 
anesthetized animals, TEA improves the distribution 
of regional myocardial blood flow by increasing the 
endocardial-to-epicardial blood flow ratio (2,3), while 
also reducing the incidence of malignant ventricular 
arrhythmias (4), decreasing the degree of myocardial 


Supported by grants from the Swedish Medical Research Coun- 
cil (No. 08682), Laerdal’s Foundation for Acute Medicine and Tore 
Nilsson’s Foundation for Medical Research. The study was partly 
presented at the fifth joint meeting of the working groups of the 
European Society of Cardiology, Santiago de Compostela, Spain, 
September 5-10, 1987. 

Received from the Department of Anesthesia and Intensive 
Care and the Department of Medicine I, Section of Cardiology, 
University of Gothenburg, Sahigren’s Hospital, Gothenburg, Swe- 
den. Accepted for publication June 7, 1989. 

Address correspondence to Dr. Sven-Erik Ricksten, Depart- 
ment of Anesthesia and Intensive Care, Sahlgren’s Hospital, 5-413 
45 Gothenburg, Sweden. 


©1989 by the International Anesthesia Research Society 


and pulmonary capillary wedge pressures were significantly 
increased. TEA, while relieving the chest pain, significantly 
decreased systolic arterial blood pressure, heart rate, and 
pulmonary artery and pulmonary capillary wedge pres- 
sures, without any significant changes in coronary perfu- 
sion pressure, cardiac output, stroke vo.ume, and systemic 
or pulmonary vascular resistances. In some patients, ST- 
segment depression was less pronourced during TEA. 
Thus, during ischemic chest pain, TEA has beneficial effects 
on the major determinants of myocardial oxygen consump- 
tion, without jeopardizing coronary perfusion pressure. 
TEA may therefore favorably alter the oxygen supply/ 
demand ratio within ischemic myocardial arzas. 


Key Words: ANESTHETIC TECHNIQUES— 
epidural. HEART, ischemia. PAIN, ANSINA. 


ischemia (1,2), and reducing myocardial infarct size 
(2). Thus, TEA exerts a cardio-protective effect during 
experimental myocardial ischemia by improving the 
myocardial oxygen supply/demand ratio. 

Thoracic epidural anesthesia with local anesthetics 
is effective in the treatment of severe, ischemic chest 
pain in patients with acute myocardial infarction 
(5,6), while devoid of unwanted side effects such as 
hypotension or severe bradycardia. Furthermore, it 
has recently been shown that TEA may also effec- 
tively control pain in patients with unstable angina 
pectoris with ischemic chest pain at rest, that is, 
angina pectoris resistant to conventional medical 
therapy, including nitroglycerin infusion (7). 

The aim of the present inves‘igation was to study 
the effects of TEA on central hemodynamics in pa- 
tients with severe coronary artery disease and isch- 
emic chest pain at rest. 


Material and Methods 


The study was approved by the Human Ethics Com- 
mittee of the University of Gothenburg. Nine pa- 
tients, eight men and one woman, with a mean age of 


of 
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Table 1. Patient Demographics 
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Previous history Coronary angiography Medical treatment 

Coronary No. of Long- Short- 

Patient Sex Age bypass Main stem obstructed Beta- Ca** acting acting 

No. (M/F) (years) MI surgery PTCA stenosis vessels blockers antagonists nitrates nitrates Salicylates Hepari 

1 F 72 3 = = = ? + + + + = 
2 M 78 2 a = = ? = t + + = i 
3 M 69 4 = i = 3 a ~ + + = + 
4 M 57 2 1 i = 3 + sg + + = + 
5 M 69 1 = = + 3 + m= 7 = _ 
6 M 69 á - - 1 ~ 1 + + + + + + 
7 M 74 == 1 - - 3 + + + + + + 
8 M 59 3 = = i 3 + $ T + -~ + 
9 M 54 1 = = = 1 + _ = F i = 


MI: myocardial infarction; PTCA: percutaneous transluminal coronary angioplasty. 


67 + 3 years, took part in the study after giving their 
informed consent. All patients were treated in a 
coronary care unit because of typical, intermittent, or 
continuous chest pain at rest not caused by acute 
myocardial infarction, as judged by 12-lead standard 
electrocardiogram (ECG) and/or increased blood lev- 
els of cardiac enzymes. The medical management of 
these patients consisted of combinations of beta- 
blockers, calcium antagonists, nitrates, salicylates, 
and low dose heparin (Table 1). In addition, all 
patients were treated with nitroglycerin infusions for 
>24 hr. Pain treatment with high TEA was initiated 
in all patients when several attempts to discontinue 
the nitroglycerin infusion had failed, as indicated by 
recurrence of chest pain or more severe chest pain. 
The clinical history, angiographic findings, and phar- 
macological treatments are summarized in Table 1. 
A Portex epidural catheter was inserted through 
one of the second to fifth thoracic vertebral inter- 
spaces, employing the median approach and the loss- 
of-resistance technique with minimal amounts of nor- 
mal saline. The aim was to place the tip of the catheter 
at the level of the upper thoracic vertebrae. In the 
supine position, a test dose of 2 mL of bupivacaine (5 
mg/mL) was injected epidurally to exclude intradural 
administration of the local anesthetic. Five minutes 
later, depending on the anesthetic spread of the bolus 
dose, 1 to 3 mL of bupivacaine was injected, to induce 
a blockade of at least the cardiac sympathetic segments 
(Th,_5). The extent of blockade was evaluated 20 min 
after the final dose by measuring the extent of loss of 
temperature discrimination ability, using ether applied 
to the skin of the chest wall. Before the effect of the 
first cardiac sympathetic blockade had worn off, the 
nitroglycerin infusion was gradually discontinued 
within 3 hr. During this period and thereafter, patients 
were given the initially titrated epidural bolus dose of 
bupivacaine with each new attack of chest pain. The 


duration of epidural analgesia was determined in eac] 
patient. 


Experimental Procedure and Protocol 


Within 12 hr after the start of TEA treatment, | 
pulmonary artery catheter (via the internal jugula 
vein) and a radial artery catheter were inserted. Thi 
effects of the initial dose of TEA on central hemody 
namics were studied in the supine position withou 
ischemic chest pain (n = 8) and during myocardia 
ischemia (n = 9). The patients had not been under th: 
influence of regional anesthesia for at least 5 h anc 
were able to discriminate temperature at the time o 
the hemodynamic measurements. Systolic (SAP), di 
astolic (DAP), and mean arterial pressures (MAP 
were measured together with pulmonary arteria 
(SPAP, DPAP, and MPAP), pulmonary capillar 
wedge (PCWP), and right atrial (RAP) pressures 
Cardiac output (CO) was measured in triplicate b 
the thermodilution technique. Cardiac index (CI 
L:min™'-m~*) coronary perfusion pressure (CPP 
DAP-PCW>?), stroke volume index (SVI, mL/m?) 
systemic (SVR) and pulmonary vascular (PVR) resis 
tances (mm Hg-min-L~’) as well as systemic (SVRI 
and pulmonary (PVRI) vascular resistance indice: 
(mm Hg-min-L~*-m?) were calculated using standar 
formulas. A 12-lead standard ECG was recordet 
before and after induction of TEA. 

The values are expressed as mean values + SEM 
For statistical analyses, a paired Student's t-test wa: 
used. A value of P < 0.05 was considered to bi 
statistically significant. 


Results 


An average amount of 4.3 + 0.2 mL of bupivacaine 
induced a blockade of the upper thoracic segment: 
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Table 2. Effects of TEA on Central Hemodynamics during a Pain-Free Interval and during Ischemic Chest Pain 


SAP (mm Hp) 146 + 10 


No pain 
MAP (mm Hg) 82 + 5 
DAP (mm. Hg) S73 
SPAP (mm Hg) 20 +2 
MPAP (mm Hg) 2l 
DPAP (mm Hg) Tal 
PCWP (mm Hg) Tal 
RAP (mm Hg) 21 
CPP (mm Hg) 50 +4 
CO (L/min) 5.7 + 0.5 
CI (L-min7?-m7?) 3.0 + 0.2 
HR (beats/min) 65 + 3 
SV (mL/beat) 89 +7 
SVI (mL-beat™?.m7?) 46 +3 
SVR (mm Hg-min-L~*) 155.11 
SVRI (mm Hg-min-L7!.m?) 28 + 2.1 
PVR (mm Hg-min-L~’) 0.9 + 0.2 


Ischemic 

TEA chest pain TEA 
141 +9 159 + 11 139 + 9** 
815 94 £7 85 + 6 
56+ 4 63 + 4 59 +5 
21 29 + 2* 22.a pm 
12 +1 18 + 2* 131" 
61 + 1.1 11.9 + 1.3* 7/2 12°" 
5.8+1.3 11.6 + 1.7* 6.7 + 1.3% 
1.3 + 0.4 1.1 + 0.9 0.1 1.3 
51+4 5224 52 + 4 
5.4+0.5 6.1 + 0.6 6.1 + 0.6 
2.8 + 0.2 3.1 £ 0.3 32+ 0.3 
59 + 3 68 + 4 63 + 4** 
93 +8 89 + 8 99 + 11 
49 +8 47 + 4 52+ 5 
15 + 1.4 16 + 1.2 15 + 1.2 
29 + 1.9 30 + 2.2 28 + 2.4 
1.3 + 0.2 1:3 0.3 1.3 + 0.2 
2.4+ 0.3 2.5 + 0.5 2.2+0.3 


PVRI (mm Hg-min-L~!.m2) 1.7+0.3 


Values are mean + SEM. 
“Ischemic pain vs no pain = P < 0.05. 
“TEA versus ischemic pain = P < 0.05. 


with a mean rostral spread to Thi; + 93 and a mean 
caudad spread to Thg 3 + 9.4. The mean duration of the 
analgesia was 99 + 5 min. 

Under basal conditions (i.e., during rest without 
ischemic chest pain) high TEA was not associated 
with changes in measured hemodynamic variables 
(Table 2). Two patients (2 and 8) had ST-segment 
depressions on ECG at basal conditions that re- 
mained unchanged during TEA. 

Measurements were also performed in all patients 
during ongoing chest pain. In this situation, SPAP, 
MPAP, DPAP, and PCWP increased significantly, by 
37% (P < 0.02), 48% (P < 0.05), 56% (P < 0.05), and 
59% (P < 0.05), respectively, compared to the pain- 
free control situation, while other hemodynamic var- 
iables remained unchanged. During ischemic chest 
pain, ST-segment depression was seen also in patient 
7, and in patient 8 the ST-segment depression became 
more pronounced. 

During the ischemic chest pain that spontaneously 
developed at rest, high TEA induced reductions in 
heart rate (-7%), SAP (-—13%), SPAP (-24%), MPAP 
(—28%), DPAP (-35%), and PCWP (—42%), but no 
significant changes in MAP, DAP, CPP, CI, SVI, SVRI, 
or PVRI. During TEA, ST-segment depression was less 
pronounced in patients 7 and 8. In all patients, chest 
pain subsided within 10 min after induction of TEA. 


Discussion 


Unstable angina pectoris is a heterogeneous clinical 
syndrome with respect to the prevailing pathogenic 


mechanism and the underlying severity of coronary 
artery disease (8). Patients with unstable angina pec- 
toris whose pain persists with bed rest, and those 
with preceding stable angina pectoris or myocardial 
infarction, are at high risk of develcping acute myo- 
cardial infarction (9,10). In the presant investigation 
all but two of our nine patients had a previous history 
of myocardial infarction(s). The severity of the under- 
lying coronary artery disease (CAD) in these patients 
was further verified by the anziographic findings. 
Three patients had previously undergone coronary 
bypass surgery, and one patiert had had coronary 
angioplasty. 

In spite of maximal available therapy, including 
beta-blockers, calcium antagonists, nitrates, and an- 
ticoagulants, signs and symptoms of myocardial 
ischemia may persist, requiring a supplementary 
treatment for the control of pain while awaiting 
coronary angiography followed by surgery or angio- 
plasty. In a recent study (7) we demonstrated that 
high TEA could effectively con:rol pain in patients 
with unstable angina pectoris. In that study, nitro- 
glycerin infusion was discontinued definitely within 
3 hr after the introduction of TEA treatment and pain 
was thereafter controlled in the majority of the pa- 
tients with TEA as the sole treatment. Furthermore, 
the pain-free intervals long outlasted the duration of 
the TEA, the average daily number of epidural injec- 
tions decreased significantly with time, and 75% of 
the patients were fully mobilized within 24 hr after 
the start of the TEA treatment—results that, taken 
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together, suggest that TEA may exert a stabilizing 
effect in patients with unstable angina pectoris. 

In conscious, unmedicated, healthy humans it has 
been demonstrated that high TEA decreases arterial 
blood pressure, CO, stroke volume, heart rate, and 
myocardial contractility, due to cardiac sympathetic 
blockade (11-13). To our knowledge, there are no 
previous reports on the effects of high TEA, with 
selective blockade of the upper sympathetic seg- 
ments, on central hemodynamics in patients with 
severe CAD and unstable angina. In the present 
study, TEA caused no significant changes in central 
hemodynamics during a pain-free interval. The lack 
of effect of TEA on CO could be explained by the fact 
that all but one of che patients were being treated 
with beta-blockers. Furthermore, TEA induced no 
change in systemic vascular resistance, probably due 
to the fact that the lowest thoracic and the lumbar 
preganglionic sympathetic fibers innervating hemo- 
dynamically important regions such as kidneys, large 
intestines, and skeletal muscles were not blocked. 

During the spontaneous appearance of ischemic 
chest pain at rest, PCWP increased significantly, 
which most likely reflected an impairment of myocar- 
dial function. In this situation, high TEA resulted in a 
significant decrease in PCWP associated with signif- 
icant decrease in SAP and heart rate while other 
variables were not affected. In other words, the 
analgesia was associated with reduction of the major 
determinants of myocardial oxygen demand without 
a hazardous decrease in CPP. Decreases in SAP and 
PCWP would also lead to a reduced wall tension with 
favorable effects on perfusion of subendocardial lay- 
ers, which are most susceptible to myocardial isch- 
emia in the presence of coronary stenosis (14). 

An interesting observation was that TEA caused a 
clear-cut reduction in PCWP without a significant 
change in stroke volume, i.e., myocardial perform- 
ance was improved by TEA. The decrease in preload 
of the left ventricle indicates that TEA caused dilation 
of systemic veins prcbably caused by the sympathetic 
blockade. In two patients (2 and 5; Figure 1) the 
decrease in preload was associated with a decrease in 
stroke volume, implying that the major effect of TEA 
in these two patients was a preload decrease caused 
by dilation of peripheral capacitance vessels. How- 
ever, in the majority of the patients, the decrease in 
PCWP was accompanied by an increase in stroke 
volume, i.e., a leftward shift of the left ventricular 
function curve (Figure 1). This could be explained by 
a TEA-induced decrease in SVR as seen in the major- 
ity of the patients (Figure 2). One could also speculate 
that the maintenance of stroke volume during the 
cardiac sympathetic blockade, despite a decrease in 
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Figure 1. Effects in individual patients of thoracic epidural ane: 
thesia (TEA) on stroke volume (SV) and pulmonary capillar 
wedge pressure (PCWP). The empty circles indicate values befor 
TEA, the arrows point to values during TEA. 
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Figure 2. Effects in individual patients of thoracic epidural ane: 
thesia (TEA) on stroke volume (SV) and systemic vascular resi 
tance (SVR). The empty circles indicate values before TEA, tt 
arrows point to values during TEA. 


preload, was due to an improved myocardial oxyge 
supply/demand ratio in the ischemic area(s). Thi 
possibility is supported by less pronounced ischemi 
ECG signs during TEA in two of the three patient 
who had ST-segment depression during chest pain 
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Painful or painless ischemic episodes in patients 
with unstable angina are caused by a transient im- 
pairment of regional coronary blood flow, which in 
turn is caused by dynamic stenosis of epicardial 
coronary arteries at the site of atherosclerotic plaques 
(15). It has been speculated that transient dynamic 
stenosis of epicardial arteries is caused by sympa- 
thetic nerves, stimulating postsynaptic alpha- 
adrenoceptors, and that the sympathetic nerves exert 
continuous restraint on the coronary smooth muscle 
(16). High TEA would decrease or even abolish the 
sympathetic stimulation of coronary alpha-adreno- 
ceptors and, thus, theoretically, have the potential of 
improving regional myocardial blood flow. Reiz et al. 
(17), in four patients with CAD with no ischemic 
chest pain at rest, showed that coronary vascular 
resistance was reduced with TEA. However, in that 
study TEA was associated with extensive sympa- 
thetic blockade (Th,_}2) with a pronounced decrease 
in blood pressure. In that situation coronary vasodi- 
lation might well be an autoregulatory response to a 
decrease in perfusion pressure and not necessarily be 
caused by reduced sympathetic stimulation of the 
coronary vessels (18). A reduction in myocardial 
lactate extraction was also noted in the study by Reiz 
et al., indicating impairment of the oxygenation of 
certain parts of the myocardium (17). Thus, if the 
spread of TEA is too extensive and leads to substan- 
tial reduction in arterial blood pressure, there is a risk 
of myocardial ischemia, as the control of coronary 
circulation is principally pressure dependent in pa- 
tients with CAD. In the present study, CPP (DAP- 
PCWP) was unchanged. Thus, high TEA may reduce 
myocardial oxygen demand in patients with unstable 
angina and ischemic chest pain without jeopardizing 
CPP. 

In conclusion, TEA in patients with unstable an- 
gina resistant to conventional medical antianginal 
therapy had no effect on central hemodynamics at 
basal conditions, i.e., during a pain-free interval. 
During ischemic chest pain, however, TEA reduced 
SAP, heart rate, and PCWP, with no significant 
changes in CPP or other hemodynamic variables. 
TEA thus reduces the major determinants of myocar- 
dial oxygen consumption and may have antiischemic 
properties by favorably altering the myocardial oxy- 
gen demand/supply ratio of ischemic areas. 
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Acute Toxicity of Ropivacaine Compared with That of Bupivacaine 


D. Bruce Scott, MD, FRCPE, FFARCS, Alistair Lee, FFARCS, Denise Fagan, BSc, 
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SCOTT DB, LEE A, FAGAN D, BOWLER GMR, 
BLOOMFIELD P, LUNDH R. Acute toxicity of ropivacaine 
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The acute central nervous and cardiovascular effects of the 
local anesthetics ropivacaine and bupivacaine were compared 
in 12 volunteers in a randomized double-blind manner with 
use of intravencus infusions at a rate of 10 mg/min up to a 
maximal dose of 150 mg. The volunteers were all healthy 
men. They were familiarized with the central nervous system 
(CNS) toxic effects of local anesthetics by receiving a prelim- 
inary intravenous injection of lidocaine. The infusions of 
ropivacaine and bupivacaine were given not <7 days apart. 
CNS toxicity was identified by the CNS symptoms and 
the volunteers were told to request that the infusion be 
stopped when they felt definite but not severe symptoms of 
toxicity such as numbness of the mouth, lightheadedness, 
and tinnitus. In the absence of definite symptoms, the 
infusion was stopped after 150 mg had been given. 
Cardiovascular system (CVS) changes in conductivity and 


Ropivacaine is the (S)-enantiomer of 1-propyl-2’,6’- 
pipecoloxylidide, an amide local anesthetic with a 
structure similar to that of mepivacaine and bupiv- 
acaine. Animal studies (1-3) have indicated that ro- 
pivacaine is less toxic than bupivacaine. Both drugs 
have a comparatively long duration of action, but 
their relative potency has still to be determined in 
humans. 

As virtually all local anesthetics produce a similar 
profile of symptoms and signs related to that of the 
central nervous system (CNS), it is relatively easy to 
compare them in volunteers in a randomized double- 
blind manner (4). 

Cardiovascular toxicity is less easy to study, as 
clinical signs are not usually seen until the CNS 
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myocardial contractility were monitored using an interpre- 
tive electrocardiograph (which measured PR interval, QRS 
duration, and QT interval corrected for heart rate) and 
echocardiography (which measured left ventricular dimen- 
sions from which stroke volume and ejection fraction were 
calculated), 

Ropivacaine caused less CNS symptoms and was at least 
25% less toxic than bupivacaine in regard to the dose 
tolerated. Both drugs increased heart rate and arterial 
pressure. Stroke volume and ejection fraction were reduced. 
There was no change in cardiac output. Although both 
drugs caused evidence of depression of conductivity and 
contractility, these appeared at iower dosage and lower 
plasma concentrations with bupivacaine than with ropiv- 
acaine. 

Ropivacaine is a less toxic compound than bupivacaine, 
but their relative therapeutic ratios must await the results of 


. clinical trials in humans to assess the potency of ropivacaine 


compared with that of bupivacaine. 


Key Words: ANESTHETICS, tocat—ropivacaine, 
bupivacaine. TOXICITY, LOCAL ANESTHETICS. 


toxicity is marked and well beyond that which 
tolerable to either a volunteer or a patient. Howeve 
the detection of asymptomatic changes in cardi 
conduction and contractility has been made easi 
with modern noninvasive technology, and this can t 
used to determine whether objective signs of changs 
in conductivity and contractility can be detecte 
when only mild CNS toxicity is present. 

As ropivacaine is a long acting local anesthetic, 
should have a clinical profile similar to that of bupr 
acaine and a knowledge of their respective system 
toxicity in humans is of importance. To compare tk 
acute toxicity of ropivacaine and bupivacaine on bot 
the CNS and the cardiovascular system (CVS), tł 
following study was undertaken. 


Methods 


Ethical permission for the study was obtained fro: 
the Lothian Health Board ethical committee. Twel 
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healthy male volunteers took part. After a full medi- 
cal examination including routine electrocardiogra- 
phy (ECG), biochemistry, and hematology, they were 
acquainted with the mild toxic effects of local anes- 
thetics by receiving IV lidocaine given at a rate of 100 
mg/min until the volunteer was aware of the early 
symptoms of toxicity (lightheadedness, tinnitus, 
numbness of the tongue). As soon as the subject was 
aware of definite symptoms, the injection was 
stopped. The dose producing such symptoms was 
80-200 mg. 

At the preliminary medical examination, each sub- 
ject also underwent echocardiography. As it is not 
possible to obtain high grade echorecordings from 
every person, we wished to identify those who 
would be suitable for this particular method. In the 
event, 8 of the 12 proved suitable and echocardiog- 
raphy (vide infra) was performed on them during 
their two drug infusions. 

Infusion. The study proper in each individual 
started several days after the IV lidocaine. No other 
drugs were taken in the week before the study and no 
alcohol or tobacco was consumed in the 24 h before 
the study. Each volunteer received two infusions, 
one of 0.5% bupivacaine HCI and one of 0.5% ropi- 
vacaine HCI (as aqueous solutions), at least 7 days 
apart and in a randomized order. The infusion rate 
was 10 mg/min (2 mL/min) with use of a Harvard 
infusion pump. The infusion was stopped at the 
request of the volunteer when he experienced defi- 
nite CNS symptoms. If no symptoms occurred or 
were only of a minor degree, the infusion was 
stopped after 150 mg had been injected. 

Monitoring. Symptoms of CNS toxicity were re- 
ported as and when they occurred, in response to 
frequent direct questioning, and were graded for 
severity on a 0-4 scale by the volunteer. Though the 
grades were recorded, they were used to assess the 
progress of toxicity in regard to time during the 
infusion and were not subjected to subsequent anal- 
ysis. 

The ECG was displayed continuously on a Roche 
125 monitor and recorded continuously with a Med- 
ilog tape recorder. A 12-lead ECG was recorded 
before and every 5 min during the infusion. A record- 
ing was also taken at the end of the infusion, and 
every 5 min thereafter for 30 min. A Hewlett-Packard 
Pagewriter Interpretive Cardiograph was used for 
this purpose. This instrument calculates the PR inter- 
val, ORS duration, QT interval, OT interval corrected 
for heart rate, and ORS axis. 

A Dynamap 845 was used to measure and record 
systolic and diastolic blood pressures, together with 
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heart rate, at 2-min intervals throughout. Echocar- 
diography was performed on 8 of the 12 subjects 
(vide supra) with use of an Ekoline 21 SKI M-mode 
machine. The eight subjects were placed on a spe- 
cially made table on which they werz horizontal with 
up to a 30° tilt to the left, the final position chosen 
being that which gave a clear echorecording. The 
echocardiograph machine was connected to an Eko- 
line 21 ultraviolet strip chart recorder on which the V5 
ECG waveform was simultaneously recorded with 
the echocardiograph. A 2.25-MHz 13-mm-diameter 
piezoelectric ultrasound transducer was used. The 
chart speed was 50 mm/sec with tissue depth markers 
at 1-cm intervals and time markers at 0.5-sec inter- 
vals. Calibration was performed before the investiga- 
tions by the hospital Departmer.t of Medical Physics 
and Medical Engineering. The transducer was placed 
either at the third or the fourth left parasternal 
intercostal space, whichever enabled the transducer 
to be closest to right angles to the body surface in all 
planes when recordings were made at the level of the 
anterior mitral valve leaflet (5). The positions of the 
subject and the transducer were the same for both 
infusions. After recording, the charts were marked 
out in preparation for digitization by one of us 
(GMRB) and checked by another (PB) before digitiz- 
ing on a dedicated echocardiographic analysis system 
(Cardio-80, Kontron). Both observers were blinded to 
the identity of the drug infused. 

The methodology used to determine the left ven- 
tricular dimensions followed the recommendations of 
the Committee on M-mode Standardization of the 
American Society of Echocardiography (6) and a 
standard textbook (7). The leading edge method 
(most anterior edge of endocardial lines) was always 
used and all measurements quoted were the mean of 
three cardiac cycles. End-diastolic diameter (EDD) 
was timed at the onset of the first deflection of the 
QRS complex on the simultaneously recorded ECG. 
End-systolic diameter (ESD) was timed from the peak 
of the motion of the posterior wall of the left ventri- 
cle. Heart rate (HR) was derived from the RR interval 
on the ECG over three cycles. The left ventricular 
end-diastolic volume (EDV) and end-systolic volume 
(ESV) were calculated by the program using the 
Teicholz formula (8): Stroke volume (SV) = EDV — 
ESV; Cardiac output (CO) = SV x HR. Shortening 
fraction (SF) was calculated from the formula SF = 
(EDD — ESDYEDD x 100%. Ejection fraction (EF) 
was calculated from the formula EF = (EDV — ESV)/ 
EDV x 100%. 

Blood sampling. Five-milliliter samples of venous 
blood from the arm contralateral to that used for the 
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Table 1. Demographic Data of 12 Subjects Receiving Both 
Ropivacaine and Bupivacaine 


Age Height Weight 
Subject (years) fem) (kg) 
1 26 175 68 
2 34 183 81 
3" 20 183 66 
4* 27 186 83 
5° 30 173 69 
6* 30 173 67 
ra 31 172 58 
8 26 186 69 
9 21 167 75 
10* 30 178 73 
11* 32 175 7 
12" 28 183 83 
Mean 28 178 72 
Range 20-34 167-186 58-83 


"Indicates those subjects who underwent echocardiography. 


infusion were taken before the infusion was started, 
at the time of reporting the first symptoms, at the end 
of the infusion, and every 5 min thereafter until 10 
min after the disappearance of all symptoms. The 
plasma was separated and frozen at —20°C before 
analysis. The concentration of ropivacaine in the 
plasma was determined by gas chromatography with 
use of nitrogen sensitive detection at the Astra Bio- 
analytical Laboratories, Sddertalje, Sweden. 

Data analysis. Wilcoxon signed rank tests were 
used to compare the between treatment data (bupiv- 
acaine versus ropivacaine) and also the within treat- 
ment data (control values versus data during and 
after infusion with each drug). As the measured 
variables differed in regard to sampling time due to 
the difference in time to first symptoms, the measure- 
ments have been identified as C = control data 
(preinfusion); F = data at first symptoms; E = end of 
infusion; E + X = end of infusion + x min. The null 
hypothesis was rejected at the P < 0.05 level. 


Results 


The demographic data of the 12 subjects are shown in 
Table 1. 

Dose of drug. Seven subjects tolerated the full 
150-mg dose of ropivacaine, but only one tolerated 
the same dose of bupivacaine. The individual doses 
are shown in Table 2. The mean dosage of ropiv- 
acaine was 124 mg and of bupivacaine 99 mg. This 
difference was statistically significant (P < 0.01). 

Symptoms. The onset of symptoms from the start of 
the infusion was on average 4 min with bupivacaine 
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Table 2. Individual and Mean IV Doses of Ropivacaine 


and Bupivacaine Tolerated in 12 Subjects 
Tolerated IV dose (mg) 


Subject Ropivacaine Bupivacai 
1 150 150 
2 150 120 
3 67 65 
4 65 75 
5 150 95 
6 62 60 
7 150 85 
8 150 133 
9 150 105 
10 137 82 
11 150 138 
12 110 75 
Mean + sp 124 + 38 99 + 3C 
P< 0.01 


and 6 min with ropivacaine (P < 0.02). The time 

maximal effect was 10 min with bupivacaine and 
min with ropivacaine (P < 0.05). The duration 

symptoms (17 min with bupivacaine and 15 min wi 
ropivacaine) did not differ significantly. The sym 
toms were those expected from local anesthetic dru: 
and similar to those during the preliminary lidocai: 
injection. The severity and frequency of symptor 
were greater with bupivacaine, only one subje 
tolerating the maximal dose (150 mg) compared wi 
7 with ropivacaine. 

Plasma concentrations. Although there were indivi 
ual variations, the majority of the symptoms occurri 
at plasma concentrations of either drug between 
and 2 ug/mL. The mean plasma concentrations of tl 
two drugs at the appearance of symptoms (F), at t] 
end of infusion (E), and 5 min (E + 5) and 30 min 
+ 30) after the infusion are shown in Figure 1. TI] 
concentrations of ropivacaine were greater than tho 
of bupivacaine at all sample times, these being si 
nificantly different (P < 0.05) at E and E + 5. By tl 
end of the infusion, on average 25% more ropivacail 
had been given than bupivacaine. 

Cardiovascular changes. The mean data for arteri 
pressure and heart rate for all 12 subjects are show 
in Figures 2a and 2b. Both drugs were associated wi 
small increases in both pressure and heart rate, whi: 
were statistically significantly different from contr 
values (P < 0.01) except for the change in hee 
rate with ropivacaine which was not statistical 
significant. There were no differences between tl 
drugs. 

The mean data for PR interval, ORS duration, ar 
QT interval (corrected for heart rate) are shown 
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Figure 1. Mean plasma concentrations of ropivacaine (solid bar) 
and bupivacaine (open bar) at the following sample times: appear- 
ance of first CNS symptoms (F), end of infusion (E), and 5 min 
(E + 5) and 30 min (E + 30) after the infusion. There was a 
statistically significant difference (P < 0.05) between drugs at E and 
E + 5. Vertical lines represent 1 sp. 


Figures 3a, 3b, and 3c. Bupivacaine significantly 
increased all three, both at the end of infusion (E) and 
5 min later (E + 5). Ropivacaine significantly in- 
creased the PR interval only at E + 5. The only 
statistical difference between the drugs was in regard 
to the ORS duration at E + 5. 

No cardiac arrhythmias were detected during the 
infusions or on replay of the Medilog tapes. The 
echocardiographic data obtained with ropivacaine 
and bupivacaine in the eight subjects in which this 
investigation was carried out are shown in Table 3. 
The mean control values, and those obtained at the 
end of infusion when CNS toxicity was maximal, are 
shown. Neither drug caused a significant change in 
EDD, but the ESD was increased with both drugs, 
though statistical significance was only reached with 
ropivacaine. Therefore, SV decreased significantly 
with both drugs as did SF and EF. Heart rate in- 
creased significantly with both drugs (as opposed to 
all 12 subjects). There was consequently no change in 
calculated cardiac output. Both systolic and diastolic 
blood pressures in these eight subjects increased 
significantly with both drugs. The mean plasma 
concentration of bupivacaine in the eight echo- 
cardiograph subjects was 1.22 pg/mL, which was 
38% lower than that of ropivacaine, 1.70 mg/mL 
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(P < 0.05). The respective mean doses in the eight 
subjects were 81 mg for bupivacaine and 108 mg for 
ropivacaine. 


Discussion 


There was a clear difference between the drugs in 
regard to their ability to produce m:ld symptoms of 
CNS toxicity. The 12 subjects tolerated 25% more 
ropivacaine than bupivacaine. This result almost cer- 
tainly underestimates the difference between the 
drugs, because on seven occasions, tne maximal dose 
allowed by the protocol (150 mg) was reached with 
ropivacaine compared with only ore occasion with 
bupivacaine. The CNS symptoms were similar to 
those experienced in previous studies (9), and no 
unexpected side effects were noted. 

The plasma concentrations measured were unre- 
markable and consistent with the pharmacokinetic 
data previously determined for the two drugs (10,11). 
The apparent paradox that the peripheral venous 
concentrations of both drugs were greater in most 
subjects 5 min after the infusion ended (E + 5) than 
when the infusions were stopped (E), is most proba- 
bly because arterial and venous plasma concentra- 
tions had not reached equilibrium at E. The arterial 
concentrations would be highest at or very soon after 
the end of the infusion and greater than the venous 
concentration. Because drug was still being taken up 
by the tissues of the upper limb, it would take some 
minutes for the venous concentration to equalize 
with the arterial concentration. The use of peripheral 
venous plasma concentrations during rapid high 
dose IV infusions is fraught with problems, particu- 
larly when they are to be related to CNS changes (12). 
However, the use of arterial samples, which would 
be more informative, was not considered appropriate 
for the present volunteer study. 

In spite of these reservations. it is reasonable to 
suggest that symptoms of CNS toxicity occur at lower 
plasma concentrations with bupivacaine than is the 
case with ropivacaine. There was < 40% difference 
between the mean plasma concentrations of the two 
drugs at the time symptoms first appeared (F). At the 
peak concentrations after stopping the infusions, 
ropivacaine concentrations were on average 27% 
higher than those of bupivacaine, in spite of the 
subjects having considerably less severe symptoms. 
The consistent increases in heart rates and arterial 
pressures during the infusions have been noted pre- 
viously with local anesthetics (8). Although these 
increases might be explained by anxiety, it seems to 
be so reproducible that one must accept it as a 
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pharmacodynamic effect of amide local anesthetic 
drugs. 

The interpretive ECG used in this study greatly 
assisted the analysis of changes in cardiac conduction 
and was able to detect small but real increases in PR 
interval, ORS duration, and QT interval corrected for 
heart rate. Local anesthetic drugs are known to cause 
changes in both conductivity and contractility of the 
myocardium (13), although clinical evidence of the 
latter is usually only apparent with very high plasma 
concentrations, considerably greater than those 
which cause convulsions. A major cause of death 
with bupivacaine appears to be ventricular fibrillation 
(14,15). The present study has shown that effects on 


Figure 3. a) Mean PR intervals, b) mean QRS duration, and c) 
mean QT intervals (corrected for heart rate) before, during, and 
after infusion of ropivacaine or bupivacaine. 0 = control values, 
F = first symptoms, E = end of infusion, E + 2, E + 10, and E + 
30 = 2, 10, and 30 min after end of infusion. “Indicates statistically 
significant (P < 0.01) change from control; *indicates P < 0.05. The 
drugs only differed significantly, P < 0.05, in regard to QRS 
duration at E + 5. @ = ropivacaine, W = bupivacaine. 


both conductivity and contractility can be detected at 
much lower plasma concentrations when more sen- 
sitive methods are used. Echocardiography is espe- 
cially useful as it is noninvasive. Although M-mode 
echocardiography has been largely replaced by two- 
dimensional machines in the diagnostic field, it is an 
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Table 3. Cardiovascular Variables (mean + sp) and Mean Plasma Concentrations in Eight Subjects Undergoing 


Echocardiography Before and at the End of IV Infusion 


Ropivacaine 


Bupivacaine 


Ropivacaine 
Control vs. Control vs. vs. 

End of end infusion End of end infusion bupivacaine 
Control infusion (P) Control infusion (P) (P) 
EDD (cm) 5.2 + 0.4 5.1 + 0.4 NS 5.1 + 0.2 5.0 + 0.4 NS NS 
ESD (cm) 3.4 + 0.2 3.7 + 0.4 0.05 3.2:2:0,2 3.5+0.5 NS NS 
SV (mL) 80.8 + 19.5 68.9 + 14.8 0.05 80.8 + 13.6 67.4 + 19.2 0.05 NS 
SF (%) 34.4 + 4.4 28.7 + 5.8 0.05 36.5 + 4.5 29.7 + 8.3 0.05 NS 
EF (%) 62.9 + 6.0 54.6 + 8.5 0.05 65.8 + 5.9 55.7 + 12.6 0.05 NS 
HR (beats/min) 52.8 + 7.2 63.1 + 10.0 0.05 54.8 + 10.3 60.4 + 10.3 0.05 NS 
CO (L/min) 4341.1 44+ 1.1 NS 44+0.7 4.0 + 1.0 NS NS 
SAP (mm Hg) 2 121.9 + 16.0 128.9 + 14.0 0.05 118.0 + 8.5 127.1 + 8.5 0.05 NS 
DAP (mm Hg) 65.1 + 9,9 78.7 + 8.7 0.05 60.6 + 6.6 78.9 + 10.1 0.05 NS 
Plasma concentration — 1.70 + 0.54 — --— 1.22 + 0.42 ~~ 0.05 

(ug/mL) 


CO = cardiac output; DAP = diastolic arterial pressure; EDD = end-diastolic diameter; EF = ejection fraction; ESD = end-systol.c diameter; HR = heart 
rate; NS, not significant; SAP = systolic arterial pressure; SF = shortening fraction; SV = stroke volume. 


accurate method for determining the dynamic 
changes in a normal heart (7,16,17). EF and SV were 
reduced though the increase in heart rate kept the 
cardiac output unchanged. All the variables that 
showed significant changes nevertheless remained 
within normal limits. 

Such changes as did occur were associated with 
lower plasma concentrations of bupivacaine than was 
the case with ropivacaine. At the time of stopping the 
infusions, the venous plasma concentration of bupiv- 
acaine was 38% less than that of ropivacaine. 
Changes in the echocardiograph similar to those seen 
in the present study have been described with dis- 
opyramide, but not with lidocaine at a plasma con- 
centration of 4 ug/mL (18). Obvious clinical signs of 
CVS changes due to local anesthetic drugs occur at 
plasma concentrations considerably greater than 
those which cause CNS symptoms and signs. How- 
ever, it is now possible to detect CVS changes before 
clinical signs develop. We believe this work is the first 
study in humans to show changes in both conductiv- 
ity and contractility of the myocardium at plasma 
concentrations of local anesthetic that only cause 
minor symptoms of CNS toxicity. 

Ropivacaine is a less toxic drug than bupivacaine 
in regard to the production of mild CNS and CVS 
toxicity by intravenous infusion. Whether ropiva- 
caine has a greater therapeutic ratio than that of 
bupivacaine can only be determined by clinical trials 
designed to elucidate the relative local anesthetic 
potency of the two drugs. Although there are pub- 
lished data (19) on relative potency in the rat and the 
dog, animal studies should only be accepted as rough 
guides to the situation in humans. For example, 


Feldman and Covino (19) found considerable species 
difference between the rat and the dog and were only 
able to assess motor blockade. The significance of the 
difference in systemic toxicity shown in the present 
study cannot be assessed until reliable clinical data 
are available. 
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The present study was designed to clarify mechanisms 
involved in suppression of cell-mediated immunity reported 
in patients undergoing major surgery with general anesthe- 
sia by determining the effects of halothane anesthesia with 
and without surgery on the growth of Sarcoma I (Sa I), a 
tumor allogeneic to BALB/c mice. Mice were given subcu- 
taneous injections of 5 x 10° tumor cells from AlJax mice 
and then immediately exposed to 0.5%—-1.0% halothane for 
1 hr without surgery (n = 7) or with surgery (midline 
laparotomy; n = 12). In control groups mice were also 
injected with tumor cells but were not exposed to prolonged 


It has been suggested that the transient immunode- 
pression that develops after general anesthesia and 
surgery may contribute to the propagation of infec- 
tion, impairment of wound healing, and spread or 
growth of malignancies (1-3). This may reflect the 
effects of the anesthetics and/or concomitant opera- 
tive stress on immune response. There is, however, a 
lack of agreement about the mechanism by which 
anesthesia and/or surgery may affect host immuno- 
competence. In our previous study we observed that 
immunosuppression in postoperative patients is 
greater after general than after epidural anesthesia. 
This pointed to direct effects of halothane or to some 
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halothane anesthesia. Some of them received only Sa I (n = 
6), while the rest (n = 7) were also laparctomized. The 
rejection time of Sa I in mice exposed to halothane anesthe- 
sia was significantly longer (15.4 + 1.25 days) than in 
untreated controls (12.0 + 0.68 days) (P < 0.05). In the 
mice exposed to halothane tumor growth was also greater. 
Surgical stress per se did not significantly affect growth or 
rejection time of Sa I (11.0 + 0.66 vs 12.0 = 0.68 days). 
Similarly, the combination of surgical stress with halothane 
anesthesia did not affect the immunosuppress:on associated 
with halothane alone (12.9 + 1.3 vs 15.4 + 1.25; P < 
0.05). The results indicate that halothane anesthesia per se 
may be associated with impairment of cell-mediated immu- 
nity under experimental conditions. 


Key Words: ANESTHETICS, vo.atrtE—halothane. 
IMMUNE RESPONSE, HALOTHANE. CANCER, 
HALOTHANE. 


participation of stress-induced mechanisms in the 
observed immunosuppression, since it could be pre- 
sumed that adrenal stimulation was less with epidu- 
ral anesthesia because of the blockade of pregangli- 
onic sympathetic fibers. In order to obtain more 
information on mechanisms involved in the develop- 
ment of immunodepression, we attempted in this 
study to compare the effects of halothane anesthesia 
alone with the effects of the combination of anesthe- 
sia and operation, using as an index of changes of 
cellular immunity growth and rejection time of Sar- 
coma I (Sa I), a tumor from Afax mice which is 
allogeneic to the BALB/c mice we used as recipients. 


Material and Methods 


All experiments were done in male BALB/c (H-2°) 
mice, aged 2.5-3.5 months. These were inoculated 
with Sa I tumor cells obtained from ascitic fluid of 
tumor-bearing A/Jax (H-2*) mice. A cell suspension 
was prepared by diluting tumor cells in Hank’s 
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Determnation of tumor (Tm) growth 


Injection of allogenate tumor cells (Sa I from A/J mice} 5 x 108 sc. in OCS mL of Hanks solution 
Groups: 


I, A. Tm + halothane anesthesia 
B. Tm I. A. Tm + halethane anesthesia + surgical stress 
B. Tm + surgical stress 


Figure 1. Experimental protocol for the determination of growth 
and rejection times of an allogeneic tumor in mice 


balanced salt solution (HBSS). The viability of cells 
was always greater than 90%, as determined by 
exclusion of trypan blue dye. An inoculum of 5 x 10° 
tumor cells in 0.05 mL of HBSS was injected subcu- 
taneously in the right hind leg of all our mice, after 
which the animals were divided into two main 
groups—I and II, which were further subdivided into 
experimental (A) and control (B) groups (Figure 1). In 
group IA the effect of halothane alone was studied, 
while in group IIA the combination of the effects of 
halothane anesthesia and operation were analyzed. 

Anesthetization of mice was performed in a 1-L 
animal metabolic cage containing soda lime for car- 
bon dioxide absorption. The air with or without 
halothane (which came from a Fluotec vaporizer) was 
added to the chamber by the use of a respirator for 
small animals adjusted for a total flow of 0.4 L/min. 
Anesthesia with 0.5%-1.0% halothane started imme- 
diately after the inoculation of tumor cells (group IA 
= Tm + halothane), or immediately after the surgery 
(group IIA = Tm + surgical stress + halothane) and 
continued for 1 hr. Mice in the control (B) groups 
were treated identically as those in group A. They 
were put in the same metabolic cage for 1 hr, but 
without halothane in the air added to the chamber (IB 
= only tumor; IIB = Tm + surgical stress). The 
nonspecific surgical stress consisted of a midline 
laparotomy. It was performed in all animals in groups 
ITA and IIB under short (3 min) halothane anesthesia. 
In group IIA the anesthesia was then administered 
for another hour; it was immediately discontinued in 
group IIB. In all mice, tumor growth was determined 
on the basis of the frequency and time of Sa I 
rejection, which was estimated for the mean diameter 
of subcutaneous nodules of the tumor and times of 
their disappearance (rejection times). The incidence 
of reappearance of tumor after its regression and 
death of animals was also recorded. 

Statistical analysis was performed by Student’s 
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t-test and x° assay. Values of P < 0.05 were consi 
ered statistically significant. 


Results 


Only three out of the 32 animals inoculated with 5 
cells failed to develop tumors, and all except one 
these 29 mice that accepted allogeneic tumor we 
able to reject it. The number of these exceptions (n 
4) was too small to be of statistical significance (1 
ble 1). 

Statistically relevant differences were, howev 
found when mean rejection times were compar 
between the groups (Table 1). Mice given halotha 
without operation (group IA) tolerated tumors longs 
than did mice without halothane (group IB) (P 
0.05), suggesting that halothane alone has a suppri 
sive effect on cell-mediated immunity. This conc 
sion is also supported by the fact that in the sa 
group (IA) the mean tumor diameter was the great 
and that one mouse died after the reappearance 
sarcoma at the site of inoculation. Although the 
observations were not statistically significant, it 
interesting that they were seen in group A on 
Surgical stress provoked by laparotomy did r 
change the times of the rejection of Sa I (groups IIB 
IB), but the “stress” of laparotomy associated witl 
hr of halothane anesthesia resulted in some impe 
ment of immunosuppression provoked by t 
halothane anesthesia alone (groups IIA vs IA). L 
creases in the size and rejection times of tumors se 
in group IIA were, however, not statistically sign 
cant, in comparison with values found in group L 

The results, therefore, point to the immunost 
pressive effect of halothane alone (group IA) and 
the lack of a synergistic effect of halothane anesthe 
and laparotomy, used as a stress event, on ci 
mediated immune response. 


Discussion 


Despite the large body of evidence that points to 1 
immunosuppressive properties of both halothane é 
esthesia and surgical stress (1-3), comparisons | 
tween the effects of these two conditions in the sai 
experimental model are infrequent. Humphrey 
al. (5) compared the effects of exposure to 0.! 
halothane for 1 hr to those obtained after amputati 
of one hind limb on the humoral immune response 
rats. The data showed that both procedures inhi 
the generation of antibody-producing cells in sple 
to sheep red blood cells (SRBC) given 6-7 days befi 
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Table 1. Growth of Allogeneic Tumor in BALB/c Mice Subjected to Separate or Combined Effects of Halothane 
Anesthesia and Surgical Stress 





No. of Maximal Death of 
No. of accepted diameter Rejection Reappearance animals 
Group Treatment mice tumors (mm) time (days) of Sa I (No.) 
I. A. Tm + halothane 7 6/7 7.36 + 1.05 15.43 + 1.25* 1/7 1/7 
B. Tm 6 6/6 6.33 + 0.73 12.0 + 0.68 0/6 0/6 
H. A. Tm + operation 12 10/12 5.0 + 0.57 12.9 + 1.3 0/12 0/12 
+ halothane 
B. Tm + operation 7 717 5.8 + 0.63 11.0 + 0.66 0/7 0/7 


Tm = Sarcoma I (Sa I) injected subcutaneously immediately before halothane anesthesia (0.5%-1.0% for 1 hr); Operation = midline laparotomy done 


immediately after the inoculation of Sa I. 
Results are expressed as mean + standard error. 


*A statistically significant difference was found only between groups IA and IB (P < 9.05). 


amputation or exposure to halothane. The observed 
depression was of similar degree and lasted 48 hr. In 
a slightly different model we noticed that even 
shorter exposures of mice to halothane (1 hr after the 
challenge with SRBC) induce significant suppression 
of plaque-forming cells generation. Surgical stress 
which consisted of a midline laparotomy potentiated 
this immunosuppression, indicating that additional 
inhibitory pathways were probably activated (6). 
Data presented in this study show that halothane 
anesthesia alone also inhibits the cell-mediated im- 
mune reactions responsible for the rejection of allo- 
geneic tumors. Our results, however, differ from 
those obtained by Cullen and Sundsmo (7) with the 
same allogeneic tumor but under different experi- 
mental conditions. In Cs,Bl/, (H-2°) mice as recipi- 
ents, they noticed that anesthesia with 0.5%-0.7% 
halothane, administered for 5 hr on the day of tumor 
inoculation and 1 week later, did not influence the 
time of tumor appearance, rate of tumor growth, or 
time of tumor regression. The observed difference in 
results could be caused by reexposure to halothane, 
which may eliminate and cancel the inhibitory effect 
of the first exposure to halothane. However, the 
results of Cullen and Sundsmo (7) demonstrate that 
such inhibition of immunoresponse to allogeneic tu- 
mors does not exist even in the early period of tumor 
growth. It is therefore likely that BALB/c (H-2°) mice, 
which we used in our experiments, are more sensi- 
tive to the action of halothane. It should also be 
emphasized that the dynamics of tumor growth in 
our study differed from that of Cullen and Sundsmo 
even in the control, unanesthetized mice, with tumor 
regression times of 20.3 + 5.5 days reported by 
Cullen and Sundsmo (7) and 12.0 + 0.68 days in our 
present experiments (group IB). 
Immunosuppression in our study was a conse- 
quence of the relatively short exposure of BALB/c 
mice to halothane (for only 1 hr after the implantation 


of tumor cells). It is therefore lixely that halothane 
anesthesia particularly affects the ear_y postimplanta- 
tion events, when the process of tumor recognition 
occurs. A/Jax-derived Sa I (H-2*) is a tumor which 
expresses K*, D4, and Lt antigens but is devoid of 
class II Ia molecules on the cell surface, as determined 
by flow cytometric analysis (8). Grafts that differ from 
the recipient only at class I regions of major histocom- 
patibility complex (MHC) may be rejected by two 
potential pathways (9,10): (1) through the activation 
of Lyt 2* T cells (which express cytolytic activity after 
direct class I antigen recognition); and (2) by the 
action of LT,” T (helper) cells which may recognize 
class I alloantigen in association wich self Ia struc- 
tures. The latter form of T-cell act-vation may involve 
processing and presentation of alloantigens on host 
antigen-presenting cells (APC) or corecognition of 
class I alloantigen and syngeneic Ia molecules on 
donor APC (11,12). The primary pathway for the 
rejection of Sa I tumor in BALB/c mice has been 
reported (13) to be the direct activation of class 
I-MHC antigen-reactive Lyt 2* T cells, because it has 
been found that in vivo depletion of the L,T,* T-cell 
subset does not prolong Sa I tumor growth, in con- 
trast to the induction of lethal tumor growth of 
recipient mice in which the Lyt-2* subset had been 
depleted (13). L,;T,* T cells may, however, on one 
hand augment the Lyt 2° T-cell response to Sa I (13) 
and on the other facilitate the response of B lympho- 
cytes in the production of antitumor antibodies, 
which may promote progressive tumcr growth by the 
production of an immunologic enhancement (14). 
From this it is apparent that multiple factors and cells 
are involved in the immune response to Sa I. 
Halothane may affect all or almost aï of them. It is 
known that halothane anesthesia may inhibit the 
process of phagocytosis (15,16), mobility of lympho- 
cytes (17), lymphocyte transformatian and division 
(18), and also the process of the kling of tumor cells 
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by peritoneal exudate cells (19). During the early 
postoperative period, the generation of cytotoxic T 
cells is also depressed, because of the presence of 
suppressor macrophages (20). It has been reported 
that antibody-dependent cellular cytotoxicity of pa- 
tients’ lymphocytes against coated tumor cells de- 
creases after minor surgery and anesthesia (21). This 
suggests that the prolonged time of tumor rejection in 
our study may be related also to changes in the 
activity of NK or K cells after exposure to halothane. 
Although it is reported that suppression of NK-cell 
cytotoxicity (NKCC) is mainly related to the effects of 
surgical stress (20,22,23), it has been shown that even 
short periods of anesthesia with pentobarbital may 
result in an early decrease in NKCC (23). An addi- 
tional support for the immunosuppressive properties 
of halothane came from data showing that exposure 
of fibrosarcoma-bearing mice to 1.5% halothane for 
1.5 hr may activate the suppression of the cell- 
mediated immunity of tumor-bearing animals (24). 
Halothane may also have direct toxic effects (25) on 
several cells participating in the immune response to 
Sa I. At the same time halothane anesthesia produces 
homeostatic changes, with a disarrangement of many 
of the feedback pathways that exist between the 
neuroendocrine and immune systems (26). Halo- 
thane may apparently affect both the afferent and the 
efferent limbs of these loops. Because of the suppres- 
sive action of halothane on mononuclear phagocytes, 
it can be presumed that the production of interleukin- 
1 (IL-1) is also depressed. Recent evidence (27) shows 
that IL-1 not only mediates host responses to infec- 
tion and alloantigens but can also stimulate the 
secretion of ACTH from the anterior pituitary gland, 
acting directly on normal pituitary cells or by stimu- 
lating the release of a corticotropin-releasing factor 
from the hypothalamus. The production and secre- 
tion of glucocorticoid hormones themselves can reg- 
ulate the intensity of immune reaction. It is likely that 
halothane affects these events; proof of this, how- 
ever, is lacking. Of particular importance among the 
efferent pathways known to be affected by halothane 
anesthesia are those related to dopaminergic, sero- 
tonergic, and the autonomic nervous systems. These 
systems are immunomodulatory (28,29), with effects 
mediated through the hypothalamo-hypophyseal- 
adrenal axis (30) or by direct neural contact with 
lymphatic organs and cells (31). Our knowledge of 
the relationship of halothane anesthesia to the exten- 
sive network of other immunomodulatory substances 
(neurotransmitters, endorphins, enkephalins, etc. 
[32]) is, however, still scanty. Although the mecha- 
nism of its induction remains unknown, our data 
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show that halothane anesthesia by itself leads to tl 
development of immunosuppression. 

In clinical practice halothane anesthesia is usua. 
followed by operative stress. In this study we inte 
tionally used as “stress” a laparotomy, an operati 
which mimics the clinical situation. Other forms 
experimentally induced stresses are known to affe 
immune functions (22,23,33). In our experimer 
laparotomy without prolonged halothane anesthe: 
(group IIB} did not affect the growth of Sa I, and ev 
in the combination with halothane anesthesia (gror 
IA) surgical stress did not potentiate the immunosu 
pression produced by halothane alone. These resu 
differ from those found in the same experimen 
model when the humoral immune response w 
tested (6). There laparotomy potentiated the imm 
nosuppression provoked by halothane anesthes: 
The failure of laparotomy by itself to affect the cellul 
type of immune response is probably related to t. 
fact that a certain degree of tissue destruction 
needed to trigger suppressive mechanisms in t. 
rejection of allogeneic tumor cells. Accordingly, r 
jor operations are usually followed by an increas: 
postoperative depression of cell-mediated functio 
(4,34,35) and longer impairment of IL-2 production 
peripheral blood mononuclear cells (36). Although 
these situations the effects of prolonged anesthe: 
cannot be ruled out, experimental models confir 
that greater surgical stress (like amputation of o: 
hind limb) may alone be followed by the generatii 
of suppressor cells (22) and impairment of NKC 
(23). Another possible explanation of the lack of a: 
additional immunosuppressive effect of stress 
combination with halothane anesthesia in o 
present experiments is the fact that laparotomy w 
used as a stressor. This type of “stress” is followed | 
reparatory processes that usually trigger mark 
changes in the immune homeostasis, owing to t 
mobilization of cells with morphogenetic functio 
(37). During wound healing and regenerati 
growth, the expression of class If antigens on mul 
ple cells occurs (38), enabling them to act as ne 
APC. Owing to the previously described possibil: 
that host APC potentiate through the activation of 
helper cells the effects of cytolytic T cells on Se 
(11-13), it is apparent that laparotomy may ev 
facilitate the process of tumor rejection. Our resul 
in group IA, showing that laparotomy may minimi 
the immunosuppressive effect of halothane point 
such a pessibility. 

In conclusion, our evidence indicates that hal 
thane anesthesia alone induces immunosuppressio 
which may enhance the growth of allogeneic sarcor 
in mice. Stress by laparotomy does not potentie 
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immunosuppression, but may rather act as a factor 
that abrogates the immunosuppressive effect of 
halothane. 


Although more evidence is needed in order to 


clarify the significance of halothane-induced suppres- 
sion of the mechanisms involved in tumor rejection, 
it is clear that the findings obtained here have impor- 
tant clinical implications. 


The authors thank Mrs. Marija Kaštela for expert technical assis- 
tance. 
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Effect of Isoflurane on the Extent of Myocardial Necrosis and on 
Systemic Hemodynamics, Regional Myocardial Blood Flow, 
and Regional Myocardial Metabolism in Dogs after Coronary 


Artery Occlusion 


Richard F. Davis, Mp and Avner Sidi, Mp 


DAVIS RF, SIDI A. Effect of isoflurane on the extent of 
myocardial necrosis and on systemic hemodynamics, 
regional myocardial blood flow, and regional myocardial 
metabolism in dogs after coronary artery occlusion. 
Anesth Analg 1989;69:575-86. 


Anesthetized dogs were studied in two protocols to determine 
the effect of isoflurane on the extent of myocardial injury 
resulting from left anterior descending coronary artery 
(LAD) occlusion. In 22 dogs (11 treated with isoflurane 1% 
inspired, beginning 1 hr after LAD occlusion, and 11 
control) myocardial infarct size measured postmortem after 6 
hr of LAD occlusion was significantly less with isoflurane 
than without tt, 23.4 + 3.8% vs 36.2 + 2.4% of left 
ventricle; regional myocardial blood flow (RMBF) did not 
differ between groups and hemodynamic differences were 
slight. Fifty-two other dogs underwent two 15-min periods of 
LAD occlusion separated by 1 hr of reperfusion. Without 


The interactions of ischemic heart disease, intraopera- 
tive myocardial ischemia, and postoperative cardio- 
vascular morbidity mandate a precise understanding 
of the interactions between anesthetics and myocar- 
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isoflurane (n = 12), hemodynamic, RMBF, and regional 
metabolic data did not differ between the two occlusion 
periods. When isoflurane 1.3% inspired was administered 
during one of the two occlusion periods by random assign- 
ment, coronary perfusion pressure, left ventricular stroke 
work index, and systolic left ventricular pressure decreased 
more than when isoflurane was not administered. Both 
oxygen (O,) consumption and supply in ischemic myocar- 
dium decreased proportionately during LAD occlusion, but 
more so with isoflurane. Neither lactate production, potas- 
sium release, glucose extraction, nor coronary venous carbon 
dioxide (CO,) or O, content differed between LAD occlusion 
periods with and without isoflurane. Thus, isoflurane de- 
creased the extent of myocardial necrosis produced by LAD 
occlusion but neither RMBF nor metabolic indications were 
improved during transitory ischemia. 


Key Words: ANESTHETICS, voLAaTILE—isoflurane. 
HEART, rscHEMIA—isoflurane. 


dial ischemia (1-6). Isoflurane decreases myocardial 
contractility; however, at equipotent doses, isoflurane 
appears to depress myocardial contractility less than 
either halothane or enflurane in intact animals (7). 
Systemic vascular resistance is decreased more by 
isoflurane than by either halothane or enflurane. Iso- 
flurane decreases total body oxygen (O,) consump- 
tion, and a major component of this decrease is in the 
myocardium (8). In normally perfused myocardium, 
regional myocardial blood flow (RMBF) changes in 
proportion to local O, consumption (9), but with 
isoflurane coronary vascular resistance is decreased 
and RMBF maintained in spite of the decreased myo- 
cardial O, consumption (10). Such coronary vasodila- 
tion can adversely redistribute RMBF, impair regional 
oxygenation, and produce both anaerobic metabolism 
with net lactate production and depressed contractile 
function in myocardial areas distal to arterial obstruc- 
tion (11-14). 
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Previous laboratory investigations have demon- 
strated that pharmacologic and physiologic interven- 
tions can decrease the extent of myocardial infarction 
during acute coronary artery occlusion (15). Both gen- 
eral anesthesia with halothane and regional anesthesia 
with thoracic epidural lidocaine decrease ST segment 
elevation and decrease myocardial infarct size in dogs 
(16-18). The present study was designed to test 
whether clinically useful concentrations of isoflurane 
have a myocardial salvage effect similar to that of 
halothane or a deleterious effect due to an adverse 
redistribution of coronary blood flow in a canine 
model of acute evolving myocardial infarction pro- 
duced by coronary artery occlusion. The data are from 
two protocols that have examined the effect of isoflu- 
rane on myocardial infarct size, on systemic hemody- 
namic performance, on RMBF, and on regional myo- 
cardial metabolism, acid-base status, and electrolyte 
balance in dogs with myocardial ischemia produced by 
left anterior descending coronary artery (LAD) occlu- 
sion. 


Materials and Methods 


Adult mongrel dogs of either sex (weighing 19.3 + 
2.4, [sp] kg) were anesthetized with intravenous 
thiamylal, 15 mg/kg, followed by a continuous thiam- 
ylal infusion of 1 to 4 mg:kg™*-hr7*. Mechanical 
ventilation with an air/O. mixture was adjusted to 
maintain normoxia and normocarbia. The pulmonary 
artery (PA) and aorta (Ao) were catheterized from the 
femoral vein and artery, respectively. Cardiac output 
(CO) was measured by the thermodilution technique 
using 5 mL of iced (<4°C) injectate and a computer 
(Model 9520A, Edwards Laboratories, Santa Ana, 
CA); the value recorded was the mean of three 
consecutive determinations made within 3 min, and 
each injection occurred during a brief period of ap- 
nea. 

After a left fifth interspace thoracotomy, the heart 
was suspended in a pericardial cradle. The left ven- 


tricle was cannulated from the left atrium (LA) witha . 


transducer-tipped catheter to measure pressure in the 
left ventricle (LV) and its first time derivative (LV 
dP/dt). An additional catheter was inserted into the 
LA for microsphere injection. The left anterior de- 
scending coronary artery (LAD) was isolated proxi- 
mal to the first major apical, diagonal branch and 
loosely encircled with a silastic ligature. Before LAD 
occlusion with the ligature, all dogs received lido- 
caine, 1 mg/kg. The dogs were arbitrarily assigned to 
one of two experimental protocols, one to measure 
myocardial infarct size and one to examine in detail 
the effects of a short interval of myocardial ischemia. 
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Electrocardiogram (ECG, standard lead IJ), heart 
rate, LV dP/dt, and aortic (Ao). pulmonary arterial 
(PA), and LV pressures (systolic, diastolic, and mean) 
were recorded with calibrated transducers (Model 
P50, Gould Statham, Inc., Oxnard, CA) in conjunc- 
tion with a polygraph. Transducers and the corre- 
sponding intravascular sites were connected with 
1.2 m of saline-filled polyethylene tubing (Cobe Lab- 
oratories, Inc., Lakewood, CO), except for LV pres- 
sure, which was measured with a transducer-tipped 
catheter (Model MPC-500, Millar Instruments, Inc., 
Houston, TX). Transducers weze calibrated with a 
mercury manometer and checked for zero position 
drift before each measurement; the directly visualized 
LA was taken as the zero reference for transducer 
calibration. End-diastolic pressure in the LV (LVEDP) 
was taken as the LV pressure immediately before the 
“A” wave, LV dP/dt was obtained by electronic 
differentiation of LV pressure, and maximal positive 
deflection of the LV dP/dt wavefcrm was recorded for 
each measurement interval. 

Calculated variables included cardiac index (CI), 
stroke index (SI), coronary perfusion pressure (CPP) 
(calculated as Ao diastolic - LVEDP), left ventricular 
stroke work index (LVSW]), tension time index (TTI, 
calculated from planimetric measurement of the area 
under the LV pressure waveforrr. from the beginning 
of the rapid upstroke to the dicrotic notch of the Ao 
pressure wave), and systemic (SVR) and pulmonary 
(PVR) vascular resistances. Corcnary vascular resis- 
tance (CVR) was calculated from CPP and RMBF. All 
calculations were made using standard formulas (19). 

In both groups, RMBF was measured by using 
approximately 1.5 x 10° 15-ym-diameter micro- 
spheres (MS); four isotopes were selected from Nb, 
Sr, Sc, Cr, and Ce in a randomized sequence. 
The MS were injected into the LA over 20 sec, 
immediately after which the injecting syringe and 
tubing were flushed with 10 mL of normal saline. 
This number of MS was used <o provide approxi- 
mately 600 MS/g of myocardium, assuming a CO of 
2.5 L/min and normal RMBF, approximately 1 mL- 
g '-min~*. A reference sample cf arterial blood was 
aspirated from the Ao at a constant rate (22.9 mL/ 
min) by a Harvard pump, beginning 15 sec before 
microsphere injection and continuing for 2 min. At 
the end of the experiment, transmural samples of LV 
myocardium (approximately 3-4 g each) were ob- 
tained from normal-appearing myocardium outside 
the distribution of the occluded vessel and from 
cyanotic myocardium within the distribution of the 
occluded vessel. Infarct staining guided the myocar- 
dial sampling in the infarct size protocol. Three 
samples of myocardial tissue were taken from each 
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area; each sample was divided into endocardial and 
epicardial halves, which were weighed individually. 
The reference blood samples and the myocardial 
tissue samples were placed into polyethylene tubes 
and the radioactive emissions were measured with an 
LKB Wallach gamma counter (Model 1282, Com- 
pugamma, Turku, Finland). Correction of emission 
data for background and Compton crossover was 
done on line by the gamma counter. RMBF was 
calculated from the emission data by accepted tech- 
niques (20). For each heart, a single value for trans- 
mural, endocardial and epicardial (endo and epi, 
respectively) RMBF was calculated for ischemic and 
normal myocardial regions by weighted averaging of 
the emission data from each tissue sample; the endo/ 
epi RMBF ratio was calculated for each region of the 
myocardium for each dog. The transmural RMBF 
values reported, therefore, represent an approxi- 
mately 6-g sample of myocardium, and RMBF values 
approximately 20% of normal would be derived from 
a tissue sample containing 350 to 400 MS. 


Infarct Size Protocol 


All dogs in this protocol underwent complete LAD 
occlusion at the previously selected location. RMBF 
was measured before LAD occlusion, 1 hr after LAD 
occlusion before treatment, and during treatment 3 
and 6 hr after occlusion. CO was measured and blood 
was sampled from the Ao for arterial blood gas 
analysis every hour beginning with the first RMBF 
measurement. Five minutes after LAD occlusion, 
600,000 macroaggregated albumin MS (3-M Co., Ea- 
gan, MN) labeled with technetium 99m (0.5 mCi/kg) 
were injected into the LA to delineate the distribution 
of coronary blood flow at that point in time by 
subsequently performed autoradiography (21). One 
hour after LAD occlusion, dogs were assigned ran- 
domly to continue receiving either thiamylal infusion 
alone (control group) or combined thiamylal infusion 
and isoflurane, 1% inspired, delivered by a previ- 
ously calibrated vaporizer (treatment group). 

Six hours after LAD occlusion, the dogs were 
given a lethal intravenous dose of thiamylal followed 
by a sufficient volume of a standard solution of KCI to 
produce cardiac arrest. After removing the heart, the 
distance from the LAD aortic ostium to the site of 
occlusion and the presence of total LAD occlusion 
were measured and confirmed, respectively, by in- 
sertion of a probe (0.035-in. intravascular guide wire). 
The LV, including the interventricular septum, was 
dissected free of right ventricular, atrial, and valvular 
tissues. The hearts were then sectioned into 0.5-cm- 
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thick slices parallel to the atrioventricular groove to 
obtain six to eight sections of LV myocardium distal 
and one to two sections proximal to the ligature. The 
sections were then incubated in a fresh 1% solution of 
triphenyl tetrazolium chloride (TTC) for 30 min at 
37°C to delineate the infarct area (22). The TTC stain 
was enhanced after the 30-min incubation by immers- 
ing the tissue in a 10% formalin saline solution. After 
TTC staining, the tissue slices were placed into stan- 
dard radiographic cassettes to produce the autoradio- 
graphic image of the distribution of the technetium- 
labeled albumin MS that had been injected after LAD 
occlusion. A specimen of right ventricular free wall 
was weighed and then treated with the TTC and 
formalin and placed into the x-ray cassettes with the 
LV sections. This right ventricular specimen was 
reweighed after removal from the x-ray cassettes. The 
ratio of fresh weight to the subsequent weight was 
used to correct the LV tissue weights used in the 
RMBEF calculations. 

After exposure of the film, the tissue sections were 
removed from the cassette and the film was devel- 
oped. Tracings from the basal and apical surface of 
each tissue section were drawn on transparent sheets 
to indicate the boundary between normal (TTC pos- 
itive) and infarcted (TTC negative) myocardium; sim- 
ilar transparent tracings were made for the autoradio- 
graphic image of each tissue section. An electronic 
digitizer was used to determine the percentage of the 
surface area of each tissue section occupied by infarc- 
tion using the tracings. The tracings of the autora- 
diograms were similarly digitized to measure the area 
of each section not containing technetium 99m, 
which was taken as the hypoperfused area produced 
by LAD occlusion and, therefore, the area at risk for 
infarction. Using these data, infarct size was ex- 
pressed both as a percentage of the total LV area and 
as a percentage of the risk area. The tissue sections 
were then dissected to physically separate normal 
and infarcted myocardium to enable direct measure- 
ment of infarct size as the weight of the infarcted 
tissue, also expressed as a percentage of the total LV 
weight. Thus, infarct size was measured by three 
methods representing two independent techniques. 
Finally, samples of myocardium were taken from 
myocardial regions stained by TTC (normal) and from 
regions unstained by TTC (infarct) for RMBF mea- 
surements as described above. 


Intermittent Ischemia Protocol 


Reversible acute ischemia was produced by totally 
occluding the LAD using the silastic ligature for 15 
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min. Each experiment consisted of two observation 
periods during which data were obtained before LAD 
occlusion and after 15 min of LAD occlusion but 
before reopening the LAD for reperfusion. One hour 
of reperfusion was allowed between the two obser- 
vation periods. Isoflurane (1.3% inspired), beginning 
after the preocclusion measurements and sampling, 
was administered during one of the two observation 
periods, by random assignment. In a subgroup of 
animals isoflurane was not administered during ei- 
ther observation period in order to evaluate the 
time-related effects in this sequential occlusion 
model. 

At the time intervals noted above, hemodynamics 
were measured and blood was sampled from Ao, PA, 
LAD distal to the tourniquet, LAD companion vein at 
the same level (LADv), and distal circumflex vein 
(CXv). A coronary artery and vein were cannulated 
for this sampling using a modified Seldinger tech- 
nique with a 0,015-in.-diameter guidewire. This tech- 
nique and its effect on RMBF are described elsewhere 
(23). Pressure in the distal LAD was measured by 
means of the LAD catheter connected to the trans- 
ducer system described earlier. The difference be- 
tween calculated CPP and distal LAD diastolic pres- 
sure during LAD occlusion was calculated; this 
calculated value was assumed to represent the coro- 
nary collateral perfusion pressure (CCP). Blood sam- 
ples were analyzed for gas tensions (Po, and Pco,), 
pH, and concentrations of glucose, lactate, sodium, 
and potassium. Base excess (BE) or deficit was calcu- 
lated from pH and Pco,. Blood gas tensions and pH 
were measured with a calibrated laboratory analyzer 
(Model 713, Instrumentation Laboratory, Inc., Lex- 
ington, MA). Arterial (Sao,) and venous (Svo,) oxy- 
gen saturation and content (Cao, and Cvo,, respec- 
tively) were measured with a cooximeter (Model 
IL-282, Instrumentation Laboratory Inc., Lexington, 
MA). Lactate concentrations were measured using a 
specific membrane-bound-enzyme electrode (Yellow 
Springs Instrument Co., Inc., Model 27). Glucose was 
measured (Accu-check bG Model 790, Bio Dynamics, 
Inc., Indianapolis, IN) and electrolytes (K, Na) were 
determined by flame photometry (Model 143, Instru- 
mentation Laboratory, Inc., Lexington, MA). Because 
of difficulties with equipment availability and in ob- 
taining a sufficient volume of coronary blood during 
ischemia, all analyses could not be performed during 
all experiments. 

The epicardial electrogram was obtained from 15 
locations on the anterior surface of the LV; sites were 
selected for ECG mapping so that each was located 
near an epicardial landmark, such as an arterial 
bifurcation, to ensure reproducible placement of the 
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electrode. The epicardial ECG was obtained with a 
unipolar, hand-held electrode connected to an ECG 
amplifier calibrated to a sensitivity of 1 mV/mm; a 
recorder speed of 25 mm/sec was used (24). Regions 
adjacent to epicardial dissection or catheter place- 
ment were not used to prevent ECG artifacts caused 
by trauma to the epicardium. The ST-segment eleva- 
tion was measured 0.04 sec after the end of the ORS 
complex. Epicardial sites were not used when the 
QRS was longer than 0.065 sec because epicardial 
ST-segment elevation as an index of ischemia is 
invalidated by intraventricular conduction abnormal- 
ities (25). The ECG data are expressed both as the 
sum of ST-segment elevations from each site in 
millivolts (2 — ST) and as the number of epicardial 
sites with ST elevation greater than 1 mV (n — ST). 


Statistical Methods 


In both protocols, data from each animal were col- 
lated to allow grouped comparison of control and 
treatment groups. The null hypothesis that isoflurane 
had no influence was tested in both protocols. In- 
farct size data (not time-dependent) were compared 
between control and treatment grcups using Stu- 
dent’s t-test for grouped data. Time-dependent data 
(repeated measurements) were compared within and 
between groups by repeated measures analysis of 
variance (ANOVA PC, Human Systems Dynamics, 
Northridge, CA). When the analysis of variance in- 
dicated significant variability due to time or treat- 
ment, sequential t-tests using the Bonferroni correc- 
tion were applied to specific comparisons. Results are 
expressed as mean values + 1 sem. A probability of 
chance occurrence less than 5% (P < 0.05) was 
considered significant. For the infarct size protocol, 
least squares linear regression techniques were used 
to compare data for infarct size measurements by 
weight of tissue (% of LV) and planimetered area (% 
of LV). All relevant institutional pclicies regarding 
the care of laboratory animals were followed in these 
experiments. 


Results 
Infarct Size Protocol 


A total of 26 dogs was assigned to this protocol; four 
died due to ventricular fibrillation (three control dogs 
and one treatment dog) during the study and were 
excluded from analysis. These mortality rates were 
not significantly different between the two groups. 
Myocardial infarct size (all three measurements) was 
significantly smaller in dogs treated with isoflurane 
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Table 1. Effect of Isoflurane on Myocardial Infarct Size 


Control Isoflurane 
(n = 11) (n = 11) 
Body weight (kg) 19.7 + 0.8 22.2 + 0.8 
Risk area (% of left ventricle) 32.2 + 2.8 26.4 + 2.1 
Infarct size 
% of left ventricular area 31.1.+ 2.0 21.0 + 3.2* 
% of left ventricular weight 36.2 + 2.4 23.4 + 3.8" 
% of risk area 101.9 + 8.6 77.0 & 7.9" 


Values are mean + SEM. 
*P < 0.05 when compared with the control. 


than in control dogs. No significant difference in 
body weight was seen in the two groups (Table 1). 
The relationship between infarct size measured by 
planimetry and that measured by tissue weight is 
given by the regression equation: area = 1.02 
(weight) + 2.63, R = 0.903. 

Stroke volume and CI were greater and SVR less at 
3 and 6 hr after LAD occlusion with isoflurane than 
without it (Table 2). Both LV dP/dt and LVSWI 
decreased over the 6 hr but did not differ between 
the groups (Table 2). Likewise, significant inter- 
group differences for HR or CPP did not occur, 
although CPP was lower after the 6-hr measurement 
than before LAD occlusion in the isoflurane group, 
but not in the control group. Arterial blood gas 
tensions were not affected in either group at any time 
(Table 2). RMBF decreased in the ischemic zone 
following LAD occlusion, but the ischemic RMBF 
values were not significantly different between the 
groups (Table 3). No statistically significant changes 
were seen in normal zone coronary vascular resis- 
tance. Ischemic zone coronary vascular resistance 
was numerically increased in both groups following 
LAD occlusion. 


Intermittent Ischemia Protocol 


Among the 12 dogs that received no isoflurane dur- 
ing either observation period, regional myocardial 
metabolism was assessed in seven and RMBF mea- 
surements were made in five. Isoflurane was ad- 
ministered to 40 dogs during one of the two obser- 
vation periods. Systemic hemodynamics, ST segment 
mapping, RMBF, coronary blood gas tension, and pH 
measurements were performed in 19 of these dogs; 
lactate and glucose in coronary blood were measured 
in 11 of these dogs; and sodium and potassium in 
coronary blood were measured in 10 of these dogs. 
The hemodynamic and metabolic data obtained 
before ischemia (control) did not differ between the 
two observation periods for any of the subgroups 
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described above. During ischemia, however, systolic 
left ventricular pressure (SLVP), CPP, LV dP/dt, 
LVSWIL, and SVR decreased below baseline values 
more with isoflurane than without it (Table 4). Data 
from the epicardial ECG mapping showed that both 
n — ST and È — ST increased with LAD occlusion but 
the magnitude of these changes was unaffected by 
isoflurane; preocclusion values were not different 
comparing observation period 1 to observation period 
2. Heart rate and LVEDP were not affected by isch- 
emia or isoflurane. During LAD occlusion with iso- 
flurane SVR was less than at the corresponding time 
without isoflurane (Table 4), but isoflurane did not 
significantly affect CVR values in the circumflex per- 
fusion area (Table 5). Neither mean LAD pressure 
distal to the occlusion nor CVR in the LAD perfusion 
zone was affected by isoflurane during LAD occlu- 
sion (Figure 1, Table 5). The CCP during LAD occlu- 
sion was lower with isoflurane than without it (Table 
4), but calculated collateral resistance (CCP/RMBF x 
79.8) was 682 + 170 dynes-sec”*-cm~° without iso- 
flurane and 429 + 87 with isoflurane—not a signifi- 
cant difference. 

Lactate extraction by the myocardium became neg- 
ative (indicating net production) in the LAD perfu- 
sion bed during LAD occlusion and the magnitude of 
this change was unaffected by isoflurane (Figure 2). 
Lactate extraction decreased but remained positive in 
the nonischemic perfusion bed (Ao — CXv) during 
both ischemic periods but was not different with or 
without isoflurane (Figure 2). Glucose extraction in 
the LAD region increased during LAD occlusion in 
both groups, but was not changed in the circumflex 
region during either LAD occlusion period (Figure 3). 
The RMBF values for this protocol are shown in Table 
5. Oxygen supply (Cao, x RMBEF) in the circumflex 
region was unaffected by LAD occlusion. In the LAD 
zone, both O, supply and O, consumption decreased 
during LAD occlusion (Table 6). These decreases 
were greater with isoflurane than without it, but O, 
utilization (the ratio of O, supply to O, consumption) 
in the LAD perfusion zone was not affected by 
isoflurane during LAD occlusion (Table 6). The acid 
base and electrolyte data from this protocol are 
shown in Table 7. 

Among the seven dogs in which coronary cathe- 
ters were inserted and which received no isoflurane, 
hemodynamic, metabolic, acid-base, and electrolyte 
parameters did not differ significantly before or dur- 
ing LAD occlusion between the first and second 
observation periods. Likewise, among the five dogs 
in which RMBF values were measured but isoflurane 
was not administered, RMBF values did not differ 
between observation periods. 
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Table 2. Effects of Isoflurane on Hemodynamic Variables and Arterial Blood Gas Tensions before and during a 6-hr 
Period of Complete Left Anterior Descending Coronary Artery Occlusion 


CPP (mm Hg) 
AO (mm Hg) 
LVEDP (mm Hg) 
HR (beats/min) 
SV (mL) 
CI (mL-min~!.m7~?) 
SVR (dynes-sec-cm™~>)} 
LV dP/dt 

(mm Hg/sec) 
LVSWI (g-m~!-min™') 
Pao, (mm Hg) 
Paco, (mm Hg) 
pH (units) 


0 


293 
150 + 4 
5.2 + 1.1 
138 + 9 

20.7 + 2.0 
3470 + 163 
3652 + 239 
2269 + 306 


54.5 + 4.5 
115 + 18 
IE 


7.38 + 0.02 7.34 + 0.02 


Time after left anterior descending coronary artery occlusion (h7) 


Control (n = 11) 


1 


80 + 6 
140 + 7 
7.9 + 1.7 
142 + 9 

17.3 + 2.2 
3027 + 344 
3928 + 361 
1850 + 196 


43.7 + 6.9 
118 + 24 
40 +3 


3 


97 +3 
140 + 4 
7a 18 
148 + 6 

10.5 + 0.8" 
2001 + 172* 
6354 + 438" 
1750 + 265* 


26.3 2.2.5" 
122 +9 
32 £2 

7.40 + 0.02 


6 


82 + 6 
128 + 7* 
6.6 + 1.5 
155 + 9 
8.7 + 1.2" 

1662 + 197* 
7016 + 639* 
1521 + 178* 


20.7 + 3.7* 
101 + 6 
34 2 

7.34 + 0.02 


0 


93 +5 
159 4 Il 
5.5 + 1.1 
136 + 8 

18.9 + 1.9 
3146 + 338 
3813 + 359 
2990 + 606 


47.0 + 7.2 
146 + 22 
36 +3 
7.36 + 0.03 


Isoflurane (n = 11) 


1 


915 
147 + 7 
6.3 + 1.1 
131 + 6 

20.5 + 2.5 
3053 + 335 
3933 + 415 
2253 + 275 


47.2 + 5.0 
105 + 10 
38 +2 
7.33 + 0.03 


3 


Fl +5 
126 +7 
7.6 + 1.4 
128 +5 

16.9 + 1.3t 
2661 + 237+ 
3826 + 395+ 
1847 + 158* 


33.2 + 2.8* 

Il 9 
a8 + 2 

7.26 + 0.02 


6 


69 + 4* 
116 + 6* 
6.8 + 1.6 
147 +5 

13.2 + 2.2*¢ 
2133 + 244*+ 
4485 + 506+ 
1943 + 249* 


24.3 + 3.8" 
1144+9 
35 24 1 

7,33 + 0.02 


Values are mean + sem. Abbreviations: CPP, coronary perfusion pressure; AO, aortic systolic pressure; LVEDP, end-diastolic pressure in the left ventricle; 
HR, heart rate; SV, stroke volume; CI, cardiac index; SVR, systemic vascular resistance; LV dP/dt, maximum positive left ventricular dP/dt; LVSWI, left 
ventricular stroke work index. 

*P < 0.05 when compared with time zero in the same group. 

tP < 0.05 when compared with the same time in the control group. 


Table 3. Effect of Left Anterior Descending Artery Occlusion on Regional Myocardial Blood Flow {RM3F), Transmural 
Blood Flow Distribution, and Coronary Vascular Resistance with and without Isoflurane 


Time after left anterior descending coronary artery occlusion (hr) 


Control (n = 11) 


Isoflurane (n. = 11) 


0) 1 3 6 0 1 3 6 
RMBF 
(ml-min™?-100 g7!) 
Normal zone 120 + 23 133 + 25 99 + 26 102 + 22 126 + 13 94 +5 9649 88 + 12 
Infarct zone 124 + 27 28 + 14*ł 27 + 14*ł 26 + 15% 128 + 15 34 + 7*+ 34 + gH 24 + 6*t 
Endo:epi ratio 
Normal zone 1.19 + 0.08 1.14 + 0.04 1.23 + 0.06 1.06+0.09 1.20 + 0.05 1.15 + 0.07 1.15 +0.07 1.03 + 0.07 


Infarct zone 1.08 + 0.15 0.55 + 0.11*t 0.77 + 0.14*t 0.63 + 0.15*t 0.98 + 0.04 0.59 + 0.11*t 0.6% + 0.11*t 0.69 + 0.11*ł 

Coronary vascular 
resistance (dynes. 
sec” lem} 
Normal zone 
Infarct zone 


82 + 18 
80 + 18 


56 + 12 
517 + 191 


89 + 14 
632 + 206 


79 + 16 
1209 + 583 


6347 
61 +6 


79 +7 
276 + 55*t 


6& + 6 
272 + E6*t 


68 + 8 
302 + 58*+ 


Values are mean + SEM. 
*P < 0.05 compared with corresponding time zero value. 
tP < 0.05 compared with corresponding normal zone value. 


Discussion dial O, consumption were made in this protocol, 
there were no differences between the control group 
and the isoflurane group in hemodynamic correlates 
of myocardial O, consumption. The relative preser- 
vation of stroke volume (and, hence, CI) with isoflu- 
rane may be related to the fact that SVR did not 
increase markedly as it did in the control group. 
Despite better maintenance of systemic perfusion 
with isoflurane than without it, FMBF and O, supply 
to the ischemic area did not differ between groups. 
As our microsphere technique required the use of a 


Infarct Protocol 


The principal finding of this portion of our study is 
that myocardial infarct size was significantly smaller 
in the isoflurane-treated animals than in control ani- 
mals. The myocardial salvage was evident even when 
data were normalized for the size of the ischemic 
zone (Table 1) and despite the 1-hr interval between 
LAD occlusion and the initiation of isoflurane treat- 
ment. Although no direct measurements of myocar- 
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Table 4. Systemic Hemodynamic and Electrocardiographic Effects of Left Anterior Descending Coronary Artery 
Occlusion with and without Isoflurane 








Without isoflurane With isoflurane 
(n = 19) (n = 19) 

Before LAD During LAD Before LAD During LAD 

occlusion occlusion occlusion occlusion 
CPP (mm Hg) 91 + 4.6 78 + 6.2* 85 + 5.0 56 + 5.4*+t 
SLVP (mm Hg) 119 + 4.7 105 + 6.8* 115 + 5.9 85 + 5.8*t 

LVEDP (mm Hg) 6.1 + 0.7 7.9 + 1.0 6.2 + 1.0 8.3 + 1.2 
CoPP (mm Hg) 62 + 4.9 46 + 4.6 
LV dP/dt (mm Hg/sec) 3000 + 340 2117 + 257" 2957 + 377 1509 + 127" 
LVSWI (g:m7?-beat™’) 31.6 + 3.2 PA 2 27.9 + 2.7 15.0 + 1.8*t 
SI (ml-beat™?.m~*) 19.4 + 1.6 15.0 + 1.5* 17.8 + 1.6 13.6 + 1.4* 
SVR (mm Hg-L7!-min7') 4712 + 410 5396 + 427* 4878 + 498 4451 + 3341 

HR (beats/min) 136 + 4.4 135. £ 3.7 140 + 3.6 137 + 4.6 
LVTTI (mm Hg-sec-mm™') 2467 + 132 2305 + 172 2562 + 174 1993 + 152* 
x ~ ST (mV) 4.1 4 1.4 21.7 + 3.7" 3.5 + 1.8 22.1 + 4.1* 
n — ST (sites) 1220.3 3.9 + 0.5* 0.8 + 0.3 3.7 + 0.5* 


Values are mean + seM. Abbreviations: LAD, left anterior descending coronary artery; CPP, coronary perfusion pressure; SLVP, systolic left ventricule 
pressure; LVEDP, left ventricular end-diastolic pressure; CoPP, collateral perfusion pressure; LV dP/dt, peak first time derivative of left ventricular pressure 
LVSWI, left ventricular stroke work index; SI, stroke index; SVR, systemic vascular resistance; HR, heart rate; LVTTI, left ventricular tension time index; n - 
ST, number of ST mapping sites with ST elevation =1 mV; and = — ST, total amount of ST elevation from all sites. 

*P < 0.05 compared with before LAD occlusion value in the same group. 

tP < 0.05 compared with corresponding value without isoflurane. 


Table 5. Effects of Left Anterior Descending Coronary Artery Occlusion on Regional Myocardial Blood Flow with and 
without Isoflurane 


Without isoflurane With isoflurane 
(n = 19) (n = 19) 
Before LAD During LAD Before LAD During LAL 
occlusion occlusion occlusion occlusion 


Circumflex Perfusion Zone 


RMBF (mL-min7!.100 g7?) 93 + 8.6 85 + 6.7 97 + 9.9 88 + 9.5 

Endo:epi 1.15 + 0.04 1.06 + 0.C6* 1.13 + 0.04 0.98 + 0.04 

CVR mm Hg (dynes-sec™!.cm~*) 85 + 6 7847 83 + 10 60 + 7 
LAD Perfusion Zone 

RMBF (mL-min7?-100 g~t) 76+ 9.3 22 t °5,7" 81 + 8.4 15.3571 

Endo:epi 0.91 + 0.05 0.68 + 0.C8* 0.93 + 0.03 0.80 + 0.06 


CVR mm Hg (dvnes-sec™!-cm~>) 124 + 19 1172 + 292" 101 + 12 827 + 180* 


Values are mean + sem. Abbreviations: LAD, left anterior descending coronary artery; RMBF, regional myocardial blood flow; Endo:epi, endocardia 
epicardial RMBF ratio; and CVR, coronary vascular resistance. 

*P < 0.05 compared with before LAD occlusion value in the same group. 

tP < 0.05 compared with during LAD occlusion without isoflurane. 


relatively large tissue sample, a change in RMBF that protocol was not necessarily to investigate a potentia 
occurred in a narrow area at the edge of the infarct therapeutic intervention for acute myocardial infarc 
zone would not have been detected. In a similar tion, although one group has reported promisin; 
previous investigation the primary area of myocardial initial results when general anesthesia was adminis 
salvage was seen at the lateral epicardial margins of tered to patients undergoing nonsurgical myocardia 
the infarction (17). Thus, the apparent reduction of reperfusion in the setting of acute myocardial infarc 
myocardial infarct size is not accounted for by a tion (26). The potential for a deleterious effect fron 
measured improvement in overall ischemic zone O, isoflurane in this model is an important consideratioi 
supply. given recent concerns about the use of isoflurane in 

This protocol was intended to determine in an patients with ischemic heart disease (27). There ar 
experimental model with a predictable outcome (in- differences between the normal collateral patter: 
farct size) whether isoflurane produced a myocardial comparing the human to the canine coronary system 
salvage similar to halothane or whether it produced However, chronic coronary artery disease in human 
any observable deleterious effect. The goal of this causes functional enhancement of collateral vessel 
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Figure 1. Coronary artery pressure (systolic [circle], diastolic 
[square], and mean [triangle]) measured distal to the left anterior 
descending artery occlusion site before (control) and during LAD 
occlusion with and without isoflurane. Values are means + 1 SEM. 
Asterisk indicates P < 0.05 compared with corresponding value 
before LAD occlusion. 
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Figure 2. Lactate extraction (arteriovenous lactate concentration 
difference divided by arterial concentration expressed as a percent) 
for both the normally perfused myocardium (circumflex area 
[diagonal hatching]) and the ischemic myocardium (left anterior 
descending area, [vertical hatching]}) before (control) and during 
left anterior descending artery occlusion alone and occlusion with 
isoflurane. Values shown are means + 1 seM. Asterisk indicates 
P < 0.05 when compared with the corresponding control value and 
the dagger P < 0.05 compared with the corresponding circumflex 
area value. 


(including epicardial), so that the normal canine 
situation mimics the human state with chronic coro- 
nary disease. Our data, obtained from the LV of dogs 
without prior collateral enhancement and with iso- 
lated total LAD occlusion, provide experimental evi- 
dence that isoflurane, under conditions of acute 
evolving myocardial infarction, will not necessarily 
have a deleterious effect and may, indeed, promote 
myocardial salvage. 

The pathophysiologic progression of acute myo- 
cardial infarction begins with a regional reduction in 
nutritive blood flow relative to tissue needs. The 
progression to regional tissue hypoxia, anaerobic 
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Figure 3. Glucose extraction (arteriovenous concentration differ- 
ence divided by the arterial difference expressed as a percent) is 
shown before (control) and during left znter-or descending artery 
occlusion with and without isoflurane for both the normally 
perfused myocardium (circumflex area [diagonal hatching]) and 
the ischemic myocardium (left anterior descending artery area 
[vertical hatching]). Values are means + 1 sem. Asterisk indicates 
P < 0.05 when compared with the correspcnding control value, 
and the dagger indicates P < 0.05 compared with the correspond- 
ing circumflex area value. 


metabolism, reduction of high-energy phosphate 
stores, lactic acid production, and loss of muscle 
contraction is rapid. Evolution from cellular dysfunc- 
tion to irreversible cellular damaze and infarction is a 
slower process requiring several minutes to several 
hours, depending on detection techniques (i.e., ultra- 
structure or conventional histology: and the model. 
When assessed by loss of oxidative enzymes from the 
myocardium, the infarction proc2ss becomes uniform 
by 6 to 9 hr, but further quantitative enzyme release 
can continue for 48 hr (28). The method used to 
measure infarct size has been frequently applied, 
and, although it may not precisely account for irre- 
versibly injured cells in the normally stained border 
zone, it appears to be reasonably accurate by 6 hr 
(29,30). Therefore, the 6-hr duration of this study is 
relatively brief; the resultant infarctions may have 
become larger if the animals had been observed for a 
longer time. Nevertheless, the decreased size of the 
infarct in dogs treated with isoflurane indicates that 
either the eventual extent of the inzarction was lim- 
ited or the time-course of the infarction process was 
delayed. This is an important distinction that cannot 
be made from the data we preser.t. However, the goal 
of this protocol was to study an experimental model 
of the clinical situation, where ar.esthesia is necessary 
to perform a therapeutic or diagriostic procedure fora 
patient with acute myocardial ischemia at risk of 
developing a myocardial infarction. Importantly, in 
this context, either an interruption of the infarction 
process or a delay of its progression until reperfusion 
is accomplished could be beneficial. We conclude 
from this portion of our study that edding isoflurane 
to a thiamylal infusion significantly reduced myocar- 
dial infarct size and helped to preserve ventricular 


‘F> 


ANESTH ANALG 583 
1989;69:575--86 


ISOFLURANE AND MYOCARDIAL ISCHEMIA 


Table 6. Oxygen Supply and Consumption in Area Perfused by the Left Anterior Descending Coronary Artery before 
and during Occlusion of the Artery with and without Isoflurane 





Without isoflurane With isoflurane 


(n = 19) (n = 19) 
Before LAD During LAD Before LAD During LAD 
occlusion occlusion occlusion occlusion 
Po, (mm Hg) 
LAD 132.7 + 12.7 111.9 + 13.6 122.2 + 16.9 95.6 + 12.3 
LADv 25.6 + 1.3 24.5 + 2.2 24.6 + 1.5 24.4 + 1.9 
Oxygen content (mL O,/100 mL) 

LAD 16.0 + 0.9 15.9 + 1.1 15.8 + 1.0 15.6 + 1.0 
LADv 6.2 + 0.5 4.1 + 0.6 5.2 + 0.4 4.7+0.5 
Oxygen supply (mL-min~’.100 g~’) 37.7 + 4.4 10.3 + 3.1" 41.8 + 7.8 SI ERIT 
Oxygen consumption (mL-min~?-100 g~?) 29.2 + 3.0 8.7 + 2.7% 27.2 + 3.6 3.5 + 0.9%t 

Oxygen utilization (%) 74+ 3 7445 77 +4 72+ 4 


Values are mean + sem. Abbreviations: LAD, left anterior descending coronary artery; LADv, left anterior descending coronary artery companion vein at 
the same level. 

*P < 0.05 compared with before LAD occlusion value of the same group. 

tP < 0.05 compared with during LAD occlusion without isoflurane. 


Table 7. Effects of Left Anterior Descending Coronary Artery Occlusion on Acid-Base and Electrolyte Blood Samples 
From the Left Anterior Descending Companion Vein 





Without isoflurane With isoflurane 


Before LAD During LAD Before LAD During LAD 
occlusion occlusion occlusion occlusion 
Pco, (mm Hg) 
LADv 52.3 + 2.0 63.8 t 3.7* 55.4 + 3.2 67.7 + 2.9 
pH 
LADv 7.33 + 0.02 7.19 + 0.03* 7.32 + 0.02 7.17 + 0.02* 
Electrolytes 
K (mEq/L) 2.74 + 0.20 4.08 + 0.33* 2.70 + 0.20 4.06 + 0.36" 
K/Na (x 1073) 17.6 + 1.5 24.6 + 2.2" 17.0 + 1.5 24.8 + 2.3* 


Values are mean + sem. For Pco2 and pH values, n = 19; for electrolyte values, n = 10. Abbreviations: LADv, left anterior descending coronary artery 
companion vein at the same level. 
*P < 0.05 compared with before left anterior descending coronary artery occlusion value in the same group. 


pump function in dogs after LAD occlusion, and that 
there was no deleterious effect of isoflurane in terms 
of animal mortality or RMBF. 


Intermittent Ischemia Protocol 


This protocol was designed to complement the infarct 
size protocol by providing details of effects that occur 
in the first 15 min of LAD occlusion in this animal 
model. The major finding of this protocol is the 
relative similarity of the important hemodynamic, 
RMBF, metabolic, and electrocardiographic effects of 
ischemia during LAD occlusion with and without 
isoflurane. The decrease in the CCP that occurred 
with isoflurane may have been the reason RMBF 
decreased in the LAD region where blood flow was 
collateral dependent. This decreased pressure gradi- 
ent was due to a decreased proximal (aortic) pressure 
as the distal LAD pressure during LAD occlusion was 


the same with and without isoflurane. However, as 
RMBF in the normal zone did not differ with isoflu- 
rane from that in controls, there was no evidence that 
coronary blood flow was redistributed away from the 
ischemic zone. Most experiments in which redistri- 
bution of RMBF has been shown have included, in 
addition to a totally occluded coronary artery, a 
critical stenosis in the vessel supplying flow to the 
collateral bed. The effect of such a stenosis would be 
to amplify the reduction of proximal (aortic) perfu- 
sion pressure by further decreasing the pressure in 
the coronary artery distal to the stenosis where the 
collateral circulatory channels originate. However, 
the redistribution can occur without such a stenosis 
of the supply vessels to collateral channels (31). The 
endocardium is particularly vulnerable to such redis- 
tribution. In the present study the endo:epi RMBF 
ratio in the LAD area during LAD occlusion was not 
significantly different from that before occlusion with 
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isoflurane, in contrast to the similar state without 
isoflurane (Table 5). 

In the LAD zone during LAD occlusion O, supply 
decreased with isoflurane; O, consumption de- 
creased to the same degree, so that the O, supply to 
consumption ratio was unaffected. This may imply 
that tissue oxygenation was not compromised further 
by the decreased RMBF seen with isoflurane, but the 
source of the decreased O, consumption during LAD 
occlusion with isoflurane is unclear. The decreased 
RMBE with isoflurane in the ischemic zone may have 
worsened its oxidative capability and decreased O, 
consumption. While overall myocardial O, consump- 
tion is decreased by isoflurane, a similar or enhanced 
effect in ischemic myocardium has not been docu- 
mented. 

The source of the marked hypercarbia during LAD 
occlusion in LAD venous blood (Table 7) is unclear. 
Because solubility of CO, in blood is inversely pro- 
portional to hydrogen ion concentration, some of the 
increase in Pco, in coronary venous blood was likely 
produced by a change in solubility, but not in con- 
tent. Also, CO, production may be increased relative 
either to its elimination or to O, utilization. Early in 
the ischemic process, glycolysis is accelerated at a 
time when the tricarboxylic acid cycle is still active; 
thus CO, production would continue while de- 
creased blood flow would impair CO, elimination. 
Oxidation of fatty acids is impaired by ischemia, 
tending to shift the respiratory quotient toward the 
carbohydrate value of 1.0. We have reported similar 
results in another investigation that specifically exam- 
ined acid-base, electrolyte, and metabolic effects of 
early acute myocardial ischemia (32). 

The coronary venous system has a less consistent 
epicardial pattern than that of the arterial system, so 
that samples of venous blood from the LAD compan- 
ion vein may not contain blood only from the LAD 
perfusion zone. If the LADv blood samples we 
analyzed had been significantly contaminated by 
circumflex perfusion area blood, then the changes we 
observed during ischemia would have been propor- 
tionately smaller than the actual changes. The small 
contribution to the venous samples from areas with 
extremely small RMBF values (i.e., the central isch- 
emic zone) would lead to the same underestimation. 
Areas with zero RMBF are not assessed by this 
technique. Using techniques similar to those reported 
here, one study has shown that the LAD companion 
vein contains blood predominately from the LAD 
perfusion area (33). 

Thus, in this protocol, isoflurane administered 
during a 15-min period of LAD occlusion decreased 
CPP without changing distal LAD pressure. Other 
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hemodynamic effects were relatively minor. Ischemic 
zone RMBF and O, supply were lower with isoflu- 
rane, but O, consumption was also lower; therefore, 
there was no change in O, utilization with isoflurane. 
Finally, the metabolic state of the ischemic myocar- 
dium as judged by coronary vencus (LAD) blood 
chemistry did not differ during LAD occlusion with 
or without isoflurane. We conc.ude, therefore, that 
isoflurane had no observed dele-erious effects in this 
experimental model. 


General Comments 


The effect of isoflurane on the coronary circulation 
under normal conditions appears to be relatively 
straightforward: coronary vasculaz resistance de- 
creases, overall coronary blood flow either is unaf- 
fected or increases, myocardial D, consumption de- 
creases, and coronary venous ©, content increases. 
The effects of isoflurane when coronary circulation is 
abnormal, as with one or more totally occluded or 
stenotic (or both) conductance vessels, are controver- 
sial. This controversy was highlizhted by an editorial 
stating that isoflurane is ‘potentially dangerous” in 
patients with coronary artery d:sease because of its 
reported ability to induce coronary steal (26). 

The basic concept of coronary steal is that a reduc- 
tion of arterial smooth muscle tone in the coronary 
circulation will decrease blood flcw resistance in 
normally perfused areas relative to the resistance in 
collateral dependent areas because, in the latter case, 
the vasodilator reserve has been exhausted (i.e., 
resistance is minimum and flow is pressure depen- 
dent) by the local metabolic needs of the myocar- 
dium. This produces a decrease in collateral perfu- 
sion pressure that can either cause or worsen 
ischemia in areas that depend on collateral flow. 
Importantly, for coronary steal to ke invoked aortic 
perfusion pressure must be constant. Decreased per- 
fusion pressure has the same net effect because 
autoregulation decreases coronary resistance in nor- 
mally perfused areas to maintam flow until the de- 
crease in pressure exceeds the zutoregulatory range 
(CPP of approximately 40-50 mm Hg). Therefore, it is 
not plausible to attribute RMBF changes to “coronary 
steal” when aortic perfusion pressure is decreased 
(34). 

In virtually all clinical studies and laboratory stud- 
ies in which isoflurane has been associated with 
ischemic myocardial dysfunction or anaerobic metab- 
olism, there has been a concomitant decrease in aortic 
pressure (11-14,35). In such circumstances, it is im- 
possible to distinguish coronary vasodilation pro- 
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duced by isoflurane from that produced by decreased 
systemic pressure. Do other anesthetic agents that 
decrease arterial pressure also produce “ischemic” 
regional dysfunction in areas distal to cortical steno- 
ses? The experimental data indicate that the answer is 
yes. For example, halothane, which is generally re- 
garded to have little, if any, direct coronary vasodi- 
lating effect, can decrease arterial pressure and can 
produce ischemic dysfunction in myocardium that is 
perfused by a critically stenotic artery (36). 

Other studies have shown a lack of deleterious 
effects of isoflurane in experimental models of myo- 
cardial ischemia. In swine, isoflurane is associated 
with a greater coronary reserve and a better preser- 
vation of cardiac function than halothane (37). In two 
studies using chronically instrumented dogs, all three 
volatile agents mildly decreased autoregulation 
(halothane < enflurane < isoflurane), but neither 
maximal coronary blood flow nor coronary reserve 
were affected (38,39). In another study, the hypoten- 
sion associated with 1.7% end tidal isoflurane pro- 
duced a significant decrease of the endo:epi ratio 
distal to a critical stenosis (40). The decrease re- 
mained despite restoration of proximal perfusion 
pressure with phenylephrine, but regional wall thick- 
ening was not significantly affected by the isoflurane, 
indicating that the reduced endocardial RMBF was 
still sufficient to avoid ischemic dysfunction. Alterna- 
tion between halothane and isoflurane while measur- 
ing regional wall motion and blood flow distal to a 
critical stenosis and while maintaining proximal per- 
fusion pressure constant, on the other hand, pro- 
duced a consistent decrease in flow with isoflurane 
compared to halothane (41). These results are difficult 
to reconcile with the data reported here, although 
again, our data were gathered during total coronary 
occlusion. The rheology of flow across a critical 
stenosis is different from that associated with collat- 
eral flow into a collateral flow dependent area of 
myocardium. 

Thus, the previously reported studies show that a 
decreased perfusion pressure produced by isoflurane 
may have adverse consequences for myocardium that 
is supplied by a critically stenosed coronary artery. 
However, whether isoflurane itself alters RMBF dis- 
tribution (either regionally or transmurally) remains 
controversial. The results of this study show that in 
dogs, the extent of ischemic necrosis in myocardium 
after LAD occlusion is substantially decreased with 
isoflurane compared with control conditions. Despite 
this reduced infarct size, RMBF measurements did 
not differ between the groups. Measurements of 
regional myocardial metabolic variables after tran- 
sient, total coronary artery occlusion showed that 
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isoflurane was associated with a decreased LAD zone 
RMBF during LAD occlusion. The endo:epi RMBF 
ratio decreased during LAD occlusion in control 
conditions, but there was no significant change dur- 
ing isoflurane. We conclude that in this canine model 
of acute evolving myocardial infarction, isoflurane 
had no observed deleterious effect and was associ- 
ated with salvage of myocardium. 
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The intrathecal administration of strychnine in rats yields a 
prominent touch-evoked allodynia. The effects of an intra- 
thecally administered A, adenosine agonist: N®°-(L-2-phe- 
nylisopropyl)-adenosine (LPIA) or an A, adenosine agonist: 
5'-(N-ethyl carboxamido)-adenosine (NECA), on this touch- 
evoked hyperesthesia were examined. Over the range of 
0.3~1.0 nmol these agents produced a dose-dependent 
inhibition of the strychnine-evoked hyperesthesia. This in- 
hibition was reversed following intraperitoneal injection of 
caffeine, an adenosine receptor antagonist. No statistical 


A variety of spinal cord receptors modify the re- 
sponse to noxious visceral and somatic stimuli, i.e., 
produce analgesia. One property of this modulation 
is that it appears selectively directed at the input 
generated by high-threshold thermal, mechanical, 
and chemical stimuli that activate certain populations 
of A; and C fibers. Input evoked by low-threshold 
stimuli (i.e., brush, touch, proprioception) does not 
appear to be affected. This selective modulation is 
thought to result from the association of several 
receptor types (u, 6, and a, for example), with the 
spinal systems processing these types of information 
(For review and references, see Ref. 1). 

It is clear, however, that a “pain state” can also be 
induced in the absence of activity in small afferents. 
Thus, following nerve injury, dysesthetic states may 
be evoked by activity with low-threshold stimuli that 
activate A, afferents (2). One characteristic of these 
clinical syndromes is their relative refractoriness to 
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differences between LPIA and NECA were recorded. The 
powerful effect of adenosine analogues on strychnine hyper- 
esthesia occur at doses that have only a mild analgesic effect 
on the thermaily evoked hot-plate response. This effect is in 
contrast to opioids, which have been reported to be only 
minimally effective against strychnine-evoked hyperesthe- 
sia. The characteristics of the strychnine hyperesthesia 
appear to mimic the clinical phenomenon observed in 
patients suffering from sensory dysesthesia following nerve 
injury and suggest a possible role for the adenosine receptor 
in certain pain states. 


Key Words: PAIN, SPINAL CORD PAIN RECEPTORS. 
RECEPTORS, SPINAL CORD PAIN RECEPTORS. 
SPINAL CORD, PAIN RECEPTORS. 


opioids (3). This observation suggests that the phar 
macology of the system activated in these pathologic 
states may differ from that activated under norma 
circumstances by high-threshold afferents. | 

Recent studies have suggested that inhibition o: 
spinal glycine receptors by the intrathecal adminis. 
tration of low doses of strychnine will yield an anima 
model in which innocuous mechanical stimuli (touch 
results in a prominent pain behavior (allodynia). Thi: 
allodynia appears to be only partially antagonized by 
high doses of spinal opioids (4). 

A growing body of information has begun tc 
emphasize the role of purine receptors in modulating 
afferent processing in the dorsal horn (5,6). Adeno 
sine, a probable purinergic agonist, has been sug: 
gested to exert its effect at specific purine recepto) 
sites. Recently, such purine receptors have beer 
classified into two major subtypes based on thei 
ability (after activation) to inhibit (A,) or stimulate 
(A,) adenylate cyclase (7). Methylxanthines (e.g. 
caffeine) are known to antagonize with similar poten: 
cies the two types of receptors (8). The purpose o: 
this study was to investigate the possibility that the 
exaggerated response to the light-touch stimulu: 
evoked by glycine inhibition might be sensitive tc 
spinal A, or A, receptor agonist activity. 
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Materials and Methods 
Animal Preparation 


Experiments were performed in male Sprague- 
Dawley rats (250-300 g). In each experiment, except 
the saline group (n = 16), four rats were used for each 
data point and no rat was injected more than once. 
This study received prior institutional review board 
approval for animal research. Catheterization of the 
subarachnoid space was as described previously (9). 
Under halothane anesthesia, through an incision in 
the atlanto-occipital membrane, a PE-10 catheter was 
advanced 8 cm caudally to position its tip at the level 
of the lumbar enlargement. The catheter was exter- 
nalized on top of the skull and the incision sealed 
with a piece of steel wire. The wound was then closed 
with silk sutures. 


Measurement of Allodynia 


To induce hyperesthesia-allodynia, strychnine (30 
ug/3 pL) was given intrathecally. This has been 
shown (4,10) to result immediately (less than 1-min 
latency) in a syndrome characterized first by intermit- 
tent bouts of spontaneous agitation (SA) in which the 
rat bites and scratches at its flanks at levels corre- 
sponding to the dermatomes where the tip of the 
catheter lies (T,.—-L,). During intervening periods, the 
animal sits quietly, but a prominent agitation re- 
sponse can be readily evoked by a nonnoxious tactile 
stimulation (e.g., a probe drawn lightly across the 
flank: touch-evoked agitation [TEA]). To quantify SA 
in this study, a three-point rating scale was em- 
ployed: 0 = no change, 1 = mild squeaking, 2 = 
vigorous squeaking accompanied by biting and 
scratching the tactile probe. To assess TEA, a three- 
point scale was also used: 0 = no effect of stroking, 
1 = mild squeaking with attempts to move away from 
the probe that lightly strokes the fur, 2 = vigorous 
squeaking evoked by the stroking probe with biting 
and strong efforts to escape. During the 50 min 
following injection each animal was assigned an SA 
score for every minute during the first 30 min, and 
then every 5 min for the remaining 20 min. Similarly, 
during quiescent periods, a TEA score was assigned 
at 5-min intervals for the entire 50-min period. This 
protocol has been described extensively elsewhere 
(4). Animals were sacrificed immediately at the end of 
the 50-min observation period. 


Drug Injections and Treatment Groups 


Drugs administered intrathecally were LPIA [N®°-(L-2- 
phenylisopropyl)-adenosine; Sigma]; NECA [5’-(N- 
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ethylcarboxamido-adenosine); Sigma]; strychnine 
sulfate (Sigma); and caffeine (Sigma). NECA and 
LPIA were mixed such that all doses were adminis- 
tered in a 10-uL solution followed by 10-uL sodium 
chloride (0.9%) vehicle to flush the catheter. Each 
control animal received an intrathecal injection of 
equal volumes of saline. To minimize spinal redistri- 
bution, strychnine was injected intrathecally in a 
3-uL solution (30 ug) followed by a 10-uL sodium 
chioride (0.9%) vehicle. The adenosine analogue was 
given 10 min before strychnine. The dose-response 
curves were made up, using three doses of NECA 
and LPIA (0.1, 0.3, 1.0 mmol). To examine its ability 
to antagonize LPIA or NECA (1.0 nmol), caffeine was 
administered intraperitoneally (600 umol in 300 uL) 
just before intrathecal strychnine. 


Statistics 


To compare the antiallodynic effects of the agents, the 
scores assessed over the 50-min period were cumu- 
lated and expressed as a percent of the maximum 
possible score. Thus, the maximum possible scores 
for TEA and SA were 20 and 68, respectively. Com- 
parisons were made using analvsis of variance 
(ANOVA). Statistical significance (P < 0.05) was 
further examined with a Newman—Keul test for mul- 
tiple comparison. 


Results 


Effects of the Intrathecal Administration of 
Adenosine Analogues on Hyperesthesia 
and Allodyntia 


Within 1 min of the intrathecal administration of 
strychnine (30 ug), prominent SA was observed (see 
Figure 1). This SA was interspaced with frequent 
periods of quiescent behavior. In these periods, light 
stroking of the flanks resulted in vigorous squeaking 
and strong avoidance/escape behavior (TEA). As 
shown in Figures 1 and 2, intrathecal LPIA and 
NECA at 1.0 nmol resulted in an equal and significant 
suppression of both SA and TEA. This attenuating 
effect of the intrathecal purinergic agonist was dose 
dependent (Figure 2). As indicated, the effect on TEA 
was particularly pronounced as at 0.3 nmol both 
analogues could still evoke a significant suppression 
by either analogue of this evoked behavior. 
Pretreatment with intraperitoneal caffeine (600 
pmol) alone resulted in a small enhancement of the 
SA (Figure 3, top) and TEA scores (Figure 3, bottom). 
Such pretreatment with intraperitoneal caffeine (600 
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Figure 1. Time-course for the effect of intrathecal, saline (SAL), 
NECA, and LPIA at 1.0 nmol on spontaneous agitation (top) and 
touch-evoked hyperesthesia (bottom) following intrathecal strych- 
nine. Each column represents the percent of the maximum possible 
cumulative scores of 16 rats for saline and four rats for LPIA and 
NECA evaluated every minute (spontaneous agitation) or every 5 
min (touch-evoked agitation). 


pmol) completely reversed the antiallodynic effects of 
intrathecal LPIA or NECA (Figure 3). 


Discussion 
Strychnine-Evoked Allodynia 


Following intrathecal administration of strychnine, 
the animals begin to bite and/or scratch the der- 
matomes affected by the injection. This behavior can 
be evoked by a light, clearly low-threshold brush of 
the pelage and has been shown to result in a stimu- 
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Figure 2. Log dose-response curves for the effect of adenosine 
analogues on the spontaneous agitation (top) and touch-evoked 
agitation (bottom) tests evoked following intrathecal strychnine 
(I.T.). Each point represents the mean + sEM of four rats. *P < 0.05 
as compared to saline (SAL) treated group. 


lus-dependent increase in blood pressure (4). Previ- 
ous reports have shown that intrathecal strychnine 
has little detectable influence on the animal’s re- 
sponse to noxious thermal stimuli (10). These behav- 
ioral observations are in accord with the electrophys- 
iological findings made following the application of 
strychnine onto the spinal cord. In those experi- 
ments, the response of dorsal-horn wide dynamic 
range neurons to low-threshold, tactile stimuli were 
significantly facilitated by glycine inhibition (11). Sim- 
ilar experiments, carried out with iontophoretically 
administered strychnine, also demonstrated a marked 
facilitation of the postsynaptic discharge evoked by 
afferent input and enlarged the receptive fields for 
nonnoxious mechanical stimulation (12). 

Strychnine interacts with high affinity at glycine 
receptor sites that are found in lamina II, II, and V of 
the dorsal horn (13). Glycine receptors have been 
implicated in the late depressant effect caused by 
electrical stimulation of low-threshold primary af- 
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Figure 3. Effect of intrathecal NECA and LPIA at 1 nmol/rat alone 
and with pretreatment of intraperitoneal (I.P.) caffeine (CAF) (600 
pmol) on the spontaneous agitation (top) and touch-evoked hy- 
peresthesia (bottom) following intrathecal injection of strychnine 
30 wg. Columns are mean + sEM of four rats for NECA, LPIA, and 
caffeine-treated groups and 16 rats for saline (SAL). *P < 0,05, 
*P < 0.01 as compared to caffeine-treated animals. #P < 0.05, 
##P < 0.01 as compared to saline (SAL) treated animals. 


ferent fibers (14). These afferents terminate in Rexed 
lamina IV and V. This suggests that tactile stimula- 
tion mediated by A, fibers, a type of stimulation not 
routinely thought to be painful, may activate local 
glycine inhibition. This inhibition then subsequently 
regulates the discharge evoked by the low-threshold 
afferent itself. 

Although the precise mechanism of the allodynia 
evoked by spinal strychnine is not known, it is clear 
that the resulting pain behavior is mediated by a 
mechanism distinct from those substrates activated 
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by high intensity, potentially tissue-damaging stim- 
uli. First, activation of a low-threshold mechanore- 
ceptor is an adequate stimulus. Second, the behavior 
has a clearly distinctive pharmacology. Thus, while 
H, ô, and a, agonists yield a powerful suppression of 
the response to somatic and visceral nociceptive 
stimuli, they show surprisingly little effect on TEA 
(4). In contrast, both adenosine-receptor agonists that 
have only a mild effect upon thermal nociception (15), 
and glutamate receptor antagonists of the N-methy] 
D-asparatate (NMDA) type that have no detectable 
effect upon thermal nociception (4) yield a powerful 
blockade of the TEA response. This reversal of the 
structure—activity relationship is strong evidence for 
differences in the substrates mediating the pain be- 
havior evoked by high-threshold somatic stimuli in 
the normal animal and by low-threshold mechanore- 
ceptors in the strychnine-treated animal. 


Mechanism of Adenosine Action 


The fact that adenosine analogues dramatically re- 
duced the behavior induced by intrethecal strychnine 
must be emphasized, as it occurs az doses that dem- 
onstrated only mild antinociceptive properties on the 
hot-plate and tail-flick tests and did not yield motor 
impairment (15). Two mechanisms are hypothesized. 

1) The allodynia phenomena results from a loss of 
local inhibition on A,-evoked activ:ty, and this may 
result in an exaggerated postsynaptic discharge, per- 
haps inducing local seizurelike activity. Importantly, 
spinal agents such as substance P (sP) or high doses 
of morphine (or low doses cf the 3-glucuronide 
conjugate) can evoke a similar phenomena (16-19). 
These effects are antagonized by anticonvulsants 
such as valproic acid or chlordiazepoxide (16). Impor- 
tantly, adenosine analogues have also been shown to 
be potent anticonvulsants (20-23). Adenosine im- 
pedes seizure spread and seizure continuation (but 
not initiation) in the kindling mode_ of epilepsy (21). 
Conversely, methylxanthine prolongs those seizures 
(21). A synergistic action between carbamazepine and 
LPIA has been observed in caffeine and in pentylene- 
tetrazole-induced convulsions (23), even though car- 
bamazepine treatment in vivo appears to up-regulate 
adenosine receptors (24). 

2) As noted previously, the strychnine-evoked 
hyperesthesia is readily antagonized by glutamate 
receptor antagonists, suggesting a possible associa- 
tion of a dorsal-horn glutamate system in this dyses- 
thesia. Adenosine has been shown to inhibit gluta- 
mate release in the hippocampal slice (25) and 
dentate gyrus (26). This effect appears to involve an 
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A, receptor, as the effect is abolished by 8-phenylthe- 
ophylline and pertussis toxin. A selective presynaptic 
inhibition of glutamate release (compared to a 
postsynaptic effect that modulates afferent outflow) is 
a possible explanation. However, recent studies in 
spinal conditions have not shown A, or A, binding 
on primary afferents (27). This suggests that adeno- 
sine may interact with the release of glutamate from 
small dorsal-horn interneurons. 


Clinical Correlates 


The potent effect of a spinal adenosine receptor on 
pain states evoked in abnormal circumstances sug- 
gests that this receptor system may also play a role in 
normal circumstances. Salter and Henry (28) ob- 
served that the depressant effect on nociceptive neu- 
rons in the dorsal horn, observed following vibra- 
tions applied to the ipsilateral hind limb, could be 
potentiated by an adenosine uptake inhibitor (dipyra- 
midole) and reversed by caffeine, and was unaffected 
by naloxone. They proposed that the analgesic effect 
of vibration is mediated at the spinal level by puri- 
nergic receptors. This is consistent with the clinical 
application of the gate-control theory (29) that leads 
to the use of a transcutaneous electrical nerve stimu- 
lator. Such stimulation activates large primary affer- 
ents and produces analgesia in the area affected by 
the cutaneous vibration. Conversely, in the inherited 
nervous system disorder, the Lesh-Nyhan syn- 
drome, an affected child shows involuntary move- 
ment and a self-injurious behavior, often seen as 
destructive biting of lips and fingers. This syndrome 
is associated with the enzyme hypoxanthine-guanine 
phosphoribosyl transferase that leads to lower 
plasma concentration of adenosine. Caffeine worsens 
this syndrome (30). Whether this syndrome is re- 
flected by a central adenosine disorder is not known. 

In summary, our study supports the theory that 
certain pain syndromes may involve physiological 
and pharmacological substrates that distinctly differ 
from those activated in the spinal cord by somatic and 
visceral stimuli. These differences may account for 
the putative lack of effect of drugs acting upon 
receptors modulating small afferent input (such as 
opioids and a, agonists) and provide some degree of 
scientific support for the use of agents that do not 
routinely alter.somatic pain processing. Thus, in the 
context of the present studies, nortriptyline has been 
employed in certain types of chronic pain because of 
its antidepressive properties (31). We also know that 
this agent is a potent inhibitor of adenosine uptake 
(32). 
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different temperatures of the anesthetic solution. 
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Onset (defined as the time between injection and achieve- 
ment of the highest level of sensory blockade), duration, and 
regression of sensory and motor blockade after the intra- 
thecal administration of 3 mL plain buptvacaine 0.5%, 
previously equilibrated to either 37°C or 20°C, were studied 
in two groups of 20 patients. In patients receiving the 
solution equilibrated to 37°C, the maximum level of sensory 
blockade was significantly higher (T 4.6 vs T 7.5), variabil- 
ity was smaller (sem 0.33 vs 0.58), and duration of the 


The plain solution of bupivacaine 0.5% has been 
established as a useful local anesthetic agent for 
spinal anesthesia (1-5), although the predictability of 
the maximum level of sensory analgesia is reported to 
be poor (6-15). As it has been shown that keeping the 
patients seated for 2.5 min after intrathecal injection 
increases cephalad spread (16), satisfactory high lev- 
els of sensory blockade have been reported (16-21). 
Recently we demonstrated that equilibrating the bu- 
pivacaine solution to 37°C before injection results in a 
higher and more predictable level of maximum ceph- 
alad spread (22). The present study was undertaken 
to compare the onset, duration, and regression of 
sensory and motor blockade when using the plain 
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sensory level cf blockade at or above T 6, T 8, and T 10 was 
significantly longer (56 min vs 20 min, 101 min vs 59 min, 
and 131 min vs 77 min, respectively). There were no 
significant differences with regard to onset of sensory and 
motor blockade or either the time needed both for the sensory 
level of blockade to regress two segments from its highest 
level and to the first lumbar segment, or the duration of 
complete motcr blockade of the lower limbs. It is concluded 
that the intrathecal administration of a bupivacaine solution 
previously equilibrated to 37°C as compared with a solution 
injected at rcom temperature results in a higher, more 
predictable maximum sensory level of blockade with longer 
duration at or above T 6, T 8, and T 10. 


Key Words: ANESTHETIC TECHNIQUES, SPINAL. 
ANESTHETICS, Locat—bupivacaine. 


solution of bupivacaine 0.5% previously equilibrated 
to either 37°C or 20°C. 


Patients and Methods 


Forty male patients (ASA physical status I-II) sched- 
uled for urologic surgery were randomly allocated to 
one of two groups, each group comprising 20 pa- 
tients. All patients received 3 mL plain bupivacaine 
0.5% while they were in the sitting position. The 
sitting position was maintained for 3 min after com- 
pletion of the intrathecal injection, after which the 
patients were placed in the supine horizontal posi- 
tion. Dural puncture was performed at the L3-L4 
interspace using a midline or paramedian approach 
and a 25-gauge spinal needle. The bupivacaine solu- 
tion was injected at a rate of 0.2 mL/sec. Patients in 
group 1 received a solution that had previously been 
equilibrated to 37°C for at least 24 hr. Patients in 
group 2 received a solution that had been equilibrated 
to 20°C for at least 24 hr. Syringes used to administer 
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Table 1. Characteristics of the Patients Studied 





Group 1 Group 2 Delta 1-2 

(n = 20) (n = 20) (P-value) 
Age (years) 66 + 1.85 71 + 1.62 NS 
Height (cm) 174 + 1.45 173 + 1.30 NS 
Weight (kg) 78 + 1.84 74 + 2.05 NS 


Group 1: plain bupivacaine, 37°C. Group 2: plain bupivacaine, 20°C. 
NS, no statistically significant differences. 
Data are means + SEM. 


the bupivacaine solution were also equilibrated to 
37°C and 20°C, respectively. The study was approved 
by the Ethics Committee of our institution and in- 
formed consent was obtained from all patients. 

Premedication consisted of lorazepam 1 mg orally 
the night before surgery. Before the institution of 
spinal anesthesia, 500 mL of Ringer’s solution was 
administered by rapid intravenous infusion, fol- 
lowed, after completion of the intrathecal injection, 
by 500 mL of a plasma expander (Haemaccel) at a 
slower rate. Using an automatic cycling device, blood 
pressure and pulse rate were measured before injec- 
tion and at 5-min intervals after injection until the 
patients were returned to the ward. ECG was moni- 
tored continuously. 

Measurement of the level of sensory changes was 
made at 10-min intervals during the first 30 min and 
at 15-min intervals thereafter until regression to the 
first lumbar segment. Sensory loss was measured in 
the anterior axillary line using a short bevelled 25- 
gauge needle. The segment at which there was loss of 
sensation to pinprick was recorded. For comparisons, 
the average levels of sensory blockade after 10, 20, 30, 
60, and 120 min were used. Motor blockade of the 
lower limbs was assessed using a 0-3 scale as de- 
scribed by Bromage (23) at the same intervals as the 
measurements of the level of sensory changes until 
regression from 3 to 2 on the Bromage scale. 

All inductions of spinal anesthesia were made by 
the authors (RS and FvP); all observations were made 
by one author (WK) under “observer blind” condi- 
tions. Results are expressed as means + SEM. Statis- 
tical analysis used the Mann-Whitney U test for 
intergroup comparisons. P = 0.05 was taken indica- 
tive of statistically significant differences. 


Results 


There were no statistically significant differences be- 
tween the two groups with respect to age, height, 
and weight (Table 1). The onset of sensory blockade, 
defined as the time between injection and achieve- 
ment of the highest level of sensory blockade, aver- 
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Table 2. Onset and Regression of Motor Blockade and 
Maximum Level of Sensory Blockade 


Group 1 Group2 Delta 1-2 
(n = 20) (n = 20) (P-value) 
Analgesia onset (min) 21.0 + 1.43 23.5 + 2.18 NS 


Maximum block T 4.6 + 0.33 T7.5 +0.58 <0.001 


2 5 regression (min) 61 + 5.4 O ELR NS 

L 1 regression (min) 167 + 7.2 156 + 9.8 NS 

Motor blockade onset BEL 14 £1.3 NS 
(min) 

Motor blockade regression 151 + 9.6 159 + 8.1 NS 
Bromage 3->2 (min) 


Groups as defined in Table 1. Analgesia onset: average time from 
injection to maximum level of sensory blockade. Maximum block: average 
maximum level of sensory blockade as measured by pinprick. 2 S regression: 
time between achievement of the highest level of sensory blockade and its 
regression to a level two segments lower. L 1 regression, time between 
achievement of the highest level of sensory blockade and its regression to 
the first lumbar segment. Motor blockade onset: av2rage time from injection 
to complete motor blockade of the lower limbs (Bromage 3). Motor blockade 
regression Bromage 3-2: average time from achiev2ment of complete motor 
blockade of the lower limbs (Bromage 3) to the ability to move the feet 
(Bromage 2). 

NS: no statistically significant differences. 

Data are means + SEM. 


aged 21.0 min in group 1 and 23.5 min in group 2, the 
difference not being statistically significant. The sen- 
sory level of blockade averaged T 4.6 (range: T2-T7) 
in group 1 and T 7.5 (range: T3~T12) in group 2; this 
difference was statistically significant. The average 
levels of sensory blockade remained significantly 
higher in group 1 at all times (10, 20, 30, 60, and 120 
min after injection). Two-segment regression, de- 
fined as the time between achievement of the highest 
level of sensory blockade and its regression to a level 
two segments lower, averaged 61 min in group 1 and 
79 min in group 2; this difference was not statistically 
significant. Regression to L1, defined as the time 
between achievement of the highest level of sensory 
blockade and its regression to the first lumbar seg- 
ment, averaged 167 min in group 1 and 156 min in 
group 2, the difference not being statistically signifi- 
cant. All patients had complete motor blockade of the 
lower limbs after 30 min. The onset of complete 
motor blockade of the lower limbs averaged 13 min in 
group 1 and 14 min in group 2; the difference was 
statistically not significant. Regression of motor 
blockade from 3 to 2 on the scale of Bromage took 151 
min in group 1 and 159 min in group 2, a difference 
that was not statistically significant. 

The data on onset, level of sensory blockade, and 
regression are shown in Table 2. The regression of the 
sensory level of blockade as a function of time is 
shown in Figure 1. Figure 2 shows the durations of 
sensory blockade at or above T 10, T8, and T 6, which 


' were, respectively, 131 min, 101 min, and 56 min in 


group 1 and 77 min, 59 min, and 20 min in group 2; 


ro 


SPINAL ANESTHESIA WITH PLAIN BUPIVACAINE 


THORACIC SEGMENT 


TIME (Min) 


Figure 1. Regression of the average sensory levels of blockade as 
a function of time. The horizontal axis shows the time in minutes 
after intrathecal injection of 3 mL plain bupivacaine 0.5%; the 
vertical axis shows the average thoracic segment at which loss of 
sensation to pinprick was measured. Vertical bars represent SEM. 
The differences between the two groups, which were compared at 
10, 20, 30, 60, and 120 min, were significant. Group 1: plain 
bupivacaine, 37°C. Group 2: plain bupivacaine, 20°C. 


TIME (Min) 





T10 T8 T6 


THORACIC SEGMENT 


Figure 2. Average duration of sensory blockade at or above T 10, 
T 8, and T 6. The horizontal axis shows the thoracic segment; the 
vertical axis shows the time interval in minutes from the first to the 
last measurement at which the sensory level of blockade as 
determined by pinprick was at or above the specified thoracic 
segment. Vertical bars represent sem. The differences between the 
two groups in duration of sensory blockade at or above T 10, T 8, 
and T 6 were significant. Group 1: plain bupivacaine, 37°C. Group 
2: plain bupivacaine, 20°C. 


these differences were statistically significant. Figure 
3 shows the number of patients with a sensory level 
of blockade at or above T 10 as a function of time. 
Baseline systolic blood pressures and heart rates 
were similar in the two groups. Systolic blood pres- 
sures decreased in both groups, decreases being 
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Figure 3. The number of patients with a sensory level of blockade 
as determined by pinprick at or above T 10 as a function of time 
after injection. The horizontal axis shows the time in minutes afte: 
intrathecal injection of 3 mL plain bupivacaine 0.5%; the vertica! 
axis shows the number of patients with a level of sensory blockade 
at or above T 10. Group 1: plain bupivacaine, 37°C. Group 2: plair 
bupivacaine, 20°C. 


more pronounced in group 1. In five patients in 
group 1 and in one patient in group 2 the decrease in 
blood pressure necessitated the administration of 
ephedrine (15 mg intravenously plus 35 mg intramus- 
cularly). 

In group 1, three patients were given 0.5 mg 
alfentanil intravenously during surgery: in one of the 
three the level of sensory blockade at the time (12C 
min after intrathecal injection) was at T 12; the twc 
other patients experienced pain (one during manip- 
ulation of the peritoneum in the inguinal region, the 
other during traction on the spermatic cord) while the 
level of sensory blockade was at T 7 (105 and 140 mir 
after intrathecal injection). In group 2, one patient 
was given 0.5 mg alfentanil intravenously during 
surgery because of pain at a time when the level o! 
sensory blockade was T 12 (75 min after intratheca 
injection). In none of these patients were other o1 
repeated analgetics necessary. 

One patient (group 1, 67 years) suffered from 
postspinal headache, which was successfully treatec 
with an epidural blood patch after 3 days. 


Discussion 


That many factors affect the intrathecal spread of loca. 
anesthetic solutions (24) is amply demonstrated by 
the many conflicting data seen in the literature re- 
garding the characteristics of spinal anesthesia wher 
using plain bupivacaine 0.5%. Despite apparent sim- 
ilarities in methodology, differences in times to onset, 
maximum levels of sensory blockade achieved, anc 
regression of anesthesia exist, indicating that apar! 
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from the variability caused by different investigators, 
there must be unknown factors that exert a consider- 
able influence. In our study, the average time to onset 
of maximum cephalad spread was more than 20 min 
in both groups; although this finding contrasts with 
some studies reporting shorter onset times (16,25,26), 
it agrees with others (27). The maximum level of 
sensory blockade was significantly higher in patients 
given the bupivacaine solution previously equili- 
brated to 37°C; also, variability of this higher maxi- 
mum level was significantly less than in patients 
receiving the 20°C solution as illustrated by the 
smaller sem. These results are consistent with those 
of a previous study (22). Compared with cerebrospi- 
nal fluid of 37°C, the plain solution of bupivacaine 
0.5% is isobaric at 20°C and slightly hypobaric at 37°C; 
this explains the higher maximum level of sensory 
blockade in patients in group 1. 

As might be expected with a higher maximum 
level of sensory blockade, time to two-segment re- 
gression of the sensory level was shorter in group 1 
than in group 2, although the difference did not reach 
statistical significance. The time for regression of the 
sensory level to the first lumbar segment was also not 
significantly different; since the maximum level of 
sensory blockade was higher in group 1, regression to 
the first lumbar segment obviously involved more 
segments, indicating that the average time for regres- 
sion per segment is shorter in group 1. As can be seen 
from Figure 1, the average levels of sensory blockade 
were significantly higher in group 1 at all times. Two 
more practical ways of assessing the differences in 
regression are 1) the duration, defined as the average 
time that the sensory level of blockade is at or above 
a certain thoracic segment, or 2) the number of 
patients with a sensory level at or above T 10 as a 
function of time. The former is shown in Figure 2, the 
latter in Figure 3. As shown in Figure 2, the sensory 
level of blockade remains significantly longer at or 
above T 6, T 8, and T 10 in patients in group 1 than in 
patients in group 2. This means that the shorter 
average time for regression per segment notwith- 
standing, the previous equilibrating of the bupiv- 
acaine solution to 37°C as compared with the use of a 
solution at room temperature results not only in a 
higher, more predictable level of sensory analgesia, 
but also provides a sensory block with a longer 
duration. 

As can be seen from Figure 3, in five patients in 
group 2 the sensory level of analgesia remained 
below T 10, whereas in group 1 the level of sensory 
blockade was above T 10 in all patients. 

Two of the patients in group 1 needed analgetic 
supplementation while the level of sensory blockade 
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at the time was T 7; one patient experienced pain 
during manipulation of the peritoneum in the in- 
guinal region, the other during traction on the sper- 
matic cord. This indicates that in these two patients 
the intensity of sensory blockade was insufficient 
for visceral stimulation; this phenomenon has been 
observed in another study, in which a patient ex- 
perienced pain on bladder distention while the 
sensory level of blockade was T 6 (26). It is conceiv- 
able that the intensity of sensory blockade varies 
inversely with the number of dermatomes blocked, 
especially where the higher thoracic dermatomes 
are concerned, and that when using a plain bupiv- 
acaine solution previously equilibrated to 37°C with 
the intention of achieving a high level of sensory 
blockade, a higher dose of bupivacaine may be nec- 
essary in order to secure adequate analgesia for all 
patients. 

When 15 mg or more of the plain solution of 
bupivacaine 0.5% is administered with the patient in 
a sitting position, motor blockade cf the lower limbs 
is reported to be 80 to 100% complete (16—22,25~29). 
In our study, motor blockade of the lower limbs was 
complete in all patients and duration of complete 
motor blockade was similar in both groups. 

The decreases in systolic blood pressures in rela- 
tion to baseline levels were more pronounced in 
group 1, which is consistent with the higher maxi- 
mum level of sensory blockade in this group. Ephed- 
rine, which was given when physical signs of low 
blood pressure were apparent or when systolic blood 
pressure fell below 90 mm Hg, was administered to 
five patients in group 1 and to one patient in group 2. 

Under the conditions of the present study the use 
of a solution of plain bupivacaine 0.5% previously 
equilibrated to 37°C as compared with a solution of 
20°C results in a significantly higher, more predict- 
able level of sensory blockade. Onset of sensory and 
motor blockade, the time needed for regression of 
two segments and for regression to the first lumbar 
segment as well as for regression of complete motor 
blockade to class 2 on the scale of Bromage were 
similar. Average durations of senscry blockade at or 
above T 6, T 8, and T 10 were significantly longer in 
patients receiving the solution of 37°C. 
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activity and intraabdominal pressure after upper 
abdominal surgery. Anesth Analg 1989;69:598-603. 


To examine the influence of abdominal muscle activity on 
intraabdominal pressure, the integrated surface EMG from 
upper abdominal muscle (E,,) was related to changes in 
intragastric pressure (Poa) in six patients after upper 
abdominal surgery. A similar respiratory pattern of EMG 
activity was observed in all subjects. E 4p increased rapidly 
at the onset of expiration, and thereafter more slowly 
throughout expiration. At the onset of inspiration Eag 
decreased abruptly, and was small during inspiration. 


Patients undergoing upper abdominal surgery fre- 
quently develop abnormal respiratory function after 
operation with reduction in end-expiratory lung vol- 
ume that has been attributed, in part, to reflex spasm 
of the abdominal muscles (1). We have shown that 
after abdominal surgery there is frequently an in- 
crease in abdominal muscle activity during expiration 
in the abdominal and lower intercostal muscles (2). 
However, the mechanical effect of muscle activity 
was not directly measured in that study. The present 
study was designed to assess the effects of changes in 
abdominal muscle activity on the time-course of in- 
traabdominal pressure during breathing in patients 
after upper abdominal surgery. This relationship is 
important because of the suggestion that diaphrag- 
matic activity is impaired by abdominal operation, 
based on observations of changes in abdominal pres- 
sure with breathing (3). 


Methods 


We studied six otherwise healthy patients, of either 
sex, who had undergone elective operations for cho- 
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Changes in intragastric pressures were closely related to 
changes in Eag. In five patients Poa and Eag waveforms 
were almost identical over the respiracory cycle. In one 
subject a biphasic change in Poa during inspiration was 
observed, suggesting the influence of other respiratory 
muscles. Abdominal muscle action results in changes in 
intraabdominal pressure previously attributed to diaphrag- 
matic impairment, 


Key Words: MEASUREMENT TECHNIQUES, 
ELECTROMYOGRAPHY. MUSCLE, 
ABDOMINAL—pattern of activity postoperatively. 
SURGERY, ABDOMINAL. 


lecystectomy (n = 3) or gastric procedures (n = 3). 
They were free from respiratory disease and had 
given informed verbal consent for the study. The 
study was approved by the local ethics advisory 
committee, which did not require that written con- 
sent be obtained. 

Anesthesia was standardized. Premedication was 
with oral temazepam 20 mg 2 hr before surgery. 
Anesthesia was induced with thiopental 4-7 mg/kg 
and maintained with enflurane ‘1-2% inspired con- 
centration) and nitrous oxide (70% inspired concen- 
tration) in oxygen. Tracheal intukaticn was facilitated 
with succinylcholine, and muscle re_axation was ob- 
tained with alcuronium and was an-agonized at the 
end of the procedure with neostigmine. Complete 
reversal of neuromuscular blockade was confirmed 
by stimulation of the ulnar nerve. After recovery from 
anesthesia, morphine was given IV for pain relief (up 
to 10 mg) with analgesia thereaf-er maintained with 
an infusion of morphine sulfate (up tc 1 mg/kg over 24 
hr, supplemented if necessary with small IM doses. 

Three hours after surgery, simultaneous record- 
ings of intragastric pressure (Pogai, a-dominal muscle 
EMG activity (Eas), nasal airflow, and the electrocar- 
diogram (ECG) were made over a 10-min period 
during quiet tidal breathing with the patient in the 
supine position. 


ns 


ABDOMINAL PRESSURE AND MUSCLE ACTIVITY 


Table 1. Patient Characteristics and Surgical Details 
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Age Height 
Sex (years) (cm) 
F 51 163 
M 64 168 
M 37 179 
M 38 177 
F 48 175 
F 39 177 


Weight 
(kg) Operation Incision 
64 Chole RUQ transverse 
Tz Chole RUQ transverse 
67 HSV Upper midline 
65 HSV Upper midline 
82 Chole RUQ transverse 
79 HSV Upper midline 





Chole: cholecystectomy; HSV: highly selective vagotomy; and RUQ: right upper quadrant. 


Intragastric pressure was measured using a trans- 
ducer (Sanborn 207a, Waltham, MA) attached by a 
sidearm to a nasogastric tube (14 FG) with its tip 
positioned in the stomach. The tube was first flushed 
with physiologic sodium chloride solution and then 
kept patent with a slow constant infusion of sodium 
chloride solution at 10 mL/hr. Measurement of Pga in 
this way avoided the introduction of an intragastric 
balloon in addition to the nasogastric tube already in 
place. This method gives measurements of intragas- 
tric pressure which correlate well with the gastric 
balloon method (4,5). 

Nasal airflow was measured using the method of 
Guyatt and coworkers (6). Oxygen was administered 
at 2 L/min by nasal cannulae positioned within the 
external nares of the patient. These cannulae also 
acted as nasal pitot tubes. Pressure fluctuations at a 
sidearm at the upstream end of the supply tube were 
measured with a differential pressure transducer, 
which was connected between the sidearm and a 
balance reference tube that also carried an oxygen 
flow. The bias flow was adjusted so that when no 
flow was present at the nose the pressure difference 
across the transducer was zero. This method was 
validated as a qualitative index of the phases of 
respiration by comparison of the flow signal with 
measurements of rib cage and abdominal motion 
using impedance bands around the rib cage and 
abdomen, and it gave an accurate index of the phases 
of respiration. The nasal flow signal was used to 
identify three phases of the respiratory cycle: inspi- 
ration (I), expiration (E), and an expiratory pause 
(EP). 

Abdominal muscle EMG was measured using two 
pregelled silver-silver chloride electrodes with 1 cm 
diameter pads (Medicotest). The skin was prepared 
with an abrasive jelly and an organic solvent so that 
the interelectrode resistance was typically less than 2 
kQ. The electrodes were placed with their centers 4 
cm apart, 2 cm below the left costal margin, lateral to 
the mass of the rectus abdominis, so that the activity 
they picked up was predominantly that of the exter- 
nal oblique muscle. A reference electrode was placed 


on the iliac crest. The EMG signal was amplified anc 
filtered with a bandwidth of 20 Hz to 2 kHz (Neu- 
rolog NL 104/125, Digitimer Ltd., Welwyn Garder 
City, Herts, UK) and recorded with an FM tape 
recorder (Digitimer D146) along with the ECG (lead 
II), Poa, and nasal airflow signals. Zero activity for 
the EMG signal was recorded at the end of each 
assessment by placing the electrodes face to face. 

The recorded signals were played back onto a UV 
galvanomeier recorder (Bell and Howell 5-137, Bas- 
ingstoke, Herts, UK). The EMG signal was passec 
through a delay network, and, using a method sim- 
ilar to that described by Muller and coworkers (7), the 
contribution of the ECG artifact was gated out. The 
signal was then full wave rectified and integrated as 
an exponential time weighted average using a “leaky 
integrator’ (NL 103) with a time constant of 100 mS. 
The EMG signals were calibrated by passing a knowr 
voltage through the same network to the recorder. 

In each patient 30 consecutive breaths were ana 
lyzed in detail. The relationship between E,, anc 
Pca was assessed by measuring the changes in these 
values that occurred during inspiration, expiration, 
and the expiratory pause, and interrelating those 
changes by means of least squares linear regressior 
analysis (8). 


Results 


Details of patient characteristics and operations per 
formed are given in Table 1. A representative sample 
of nasal airflow and Pc, and Eag signals in a subject 
after cholecystectomy is illustrated in Figure 1. The 
phases of each breath (I, E, and EP) are identified by 
changes in nasal airflow and separated by the dashec 
lines A, B, C, and D. The changes in Pc, and Eas thai 
occurred over these phases were measured by sub- 
tracting the value at the beginning of each phase fror 
the value at the end of that phase: a negative value 
indicates a decrease in the variable over the respira- 
tory phase under study. For example, the change ir 
Poa that occurred over inspiration in Figure 1 is 
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Figure 1. Representative record of nasal airflow, intragastric pres- 
sure (Poa) and abdominal muscle activity (Eas) (amplification 
before integration 10K). The phases of each breath are identified by 
changes in nasal airflow and separated by the dashed lines. A: 
onset of inspiratory airflow; B: onset of expiratory airflow; C: end 
of expiration; and D: onset of next inspiration. 
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obtained by subtracting the value of Poa at point A 
(onset of inspiratory flow) from the value at point B 
(onset of expiratory flow). 

Phasic activity of the abdominal muscles in time 
with respiration can be seen in the recording of E,, 
illustrated in Figure 1. This pattern was present 
throughout the observation period in all six patients 
studied. The following features were seen consis- 
tently: 1) There was little detectable EMG activity 
during inspiration; 2) E,, increased rapidly with the 
onset of expiratory airflow; 3) there was a subsequent 
progressive increase in E,, throughout expiration 
and the expiratory pause; and 4) E,, decreased 
abruptly at the onset of inspiratory airflow. In Figure 
1, it can be seen clearly that the variations in Pga over 
a respiratory cycle resemble the variations in E,, over 
the same cycle. At the onset of inspiratory airflow, 
Poa shows a rapid decrease, which can be related in 
time to the change in Eag. Poa continues to decrease 
throughout most of the duration of inspiration, al- 
though at a much slower rate, reaching a nadir in late 
inspiration. An increase in Pg, was noted commonly 
just before the onset of expiratory airflow, followed 
by a progressive increase in pressure throughout 
expiration and the expiratory pause. The mean 
changes in Poa and Eag over 30 consecutive single 
breaths for the different phases of respiration in each 
subject are shown in Figure 2. For subjects 1 through 
5, the similarity in the waveform of Pga and Eag in 
individual subjects is indicated by the common pat- 
tern of the mean changes in Pga and Eag. However, 
in patient 6 this relationship is not evident, despite a 
similar phasic pattern of abdominal muscle activity. 

Subject 6 showed a more complex Pg, waveform, 
with a biphasic pressure change during inspiration 
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Figure 2. Mean changes (sp) in Eag (a.u.) end in Pg, (cm H,O) 
observed over the different phases of respiration (I: inspiration; E: 
expiration; EP: expiratory pause) in 30 zonsecutive single breaths 
for each subject. 
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Figure 3. Nasal airflow, intragastric pressure (Pga), and abdomi- 
nal muscle activity (E,g) (amplification before integration 20K) 
recorded from subject 6, in whom a biphasic pressure change was 
observed during inspiration. Three separate breaths are shown 
that differ in the amount of end-expiratory abdominal muscle 
activity (increasing from left-hand to right-hand traces). There is a 
consistent increase in Poa in late inspirarion, and Pga is otherwise 
closely related to changes in Eag. 


(Figure 3). As in the other five subjects, Poa de- 
creased at the start of inspiration arid was related in 
magnitude to the decrease in Eag. However, this 
initial decrease in Pga was consistently followed by a 
positive pressure wave, beginning in late inspiration 
and becoming maximal at the end of inspiratory 
airflow. The three breaths illustrated in Figure 3 were 
chosen to show different degrees cf end-expiratory 
muscle activity, less in the left-hand and more in the 
right-hand tracings. In each of these three breaths, at 
the onset of inspiration, the magnitude of the initial 
decrease in Poa can be related -0o the magnitude of 
change in Eag, which is progressively greater from 
left-hand to right-hand tracings. The positive pres- 
sure wave can be seen clearly in late inspiration in 
each breath, with a similar amplitude and time- 
course. Thus, in the three sample breaths shown, the 
overall change in Poa during inspiration consists of 
the initial decrease and the late positive wave. When 
the initial decreasing component of Pg, is small, as in 
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the first breath, the overall change in Pg, during 
inspiration is positive. In breaths 2 and 3, as the initial 
decreasing component of Poa becomes greater, the 
overall change in Poa over inspiration at first de- 
creases within the positive range (breath 2), and then 
becomes negative (breath 3). 

Examination of recordings, and mean values cal- 
culated from all the breaths analyzed, of the changes 
in Poa and Eag during each part of the respiratory 
cycle indicated that between patients, the degree of 
change in Pg, was related to changes in Eag. How- 
ever, each patient had considerable breath-to-breath 
variation in the changes noted for each of these 
variables. Consequently, the use of mean values 
obtained from each patient over a number of breaths 
obscures the exact relationship of Pg, and Eag. To 
examine this relationship further, and to assess the 
relative contribution of the pattern of abdominal 
muscle activation to changes in intragastric pressure, 
we plotted for each patient the changes in Eag and 
Pga observed in each phase of the respiratory cycle 
for 30 consecutive breaths (Figure 4). The slopes of 
the regression lines of the Eag and Poa plot for each 
phase of respiration, and the coefficients of linear 
regression of these relationships, are given in Table 2. 
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Figure 4. Plots of changes in Pg, (cm H,O) and Eas (a.u.) ove 
each phase of respiration for 30 consecutive single breaths. Eac 
column represents another patient, from patient 1 (on the lef 
through patient 6 (on the right). Top row: inspiration; middle rov 
expiration; and bottom row: expiratory pause. The regression line 
are shown. Regression details are given in Table 2. 


In each patient there was a close relationship betwee: 
the changes in Eag and Pga during I, E, and EP. Th 
slopes of the regression lines obtained in each phas 
of respiration were similar in individual patients. Í 
patients 1 through 5, the intercepts of the regressio: 
lines are close to the origin of the plot of E 4g and Pga 
In additicn, some observed points fall close to th 
origin of the plot, suggesting that when the activity c 
the abdominal muscles did not change during th 
respiratory cycle, the change in intraabdominal pres 
sure associated with respiration was small. Althoug) 
a similar correlation between changes in Eg and Pg, 
was present in patient 6, Figure 4 shows that in thi 
patient the relationships of Eag and Poa did not pas 
close to the intercept of the plot. For inspirator 
changes, the regression line was shifted to the left 
and for the expiratory changes the line was shifted a) 
equivalent amount to the right, although the slope 
of the regression lines remain similar. 
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Table 2. Regression Relationships for Changes in Pg, and E,g for Each Patient in Each Phase of Respiration 





Linear regression coefficient Slope of regression line (cm H,O/a.u.) 





subject I E EP I E EP 
1 0.84 0.57 0.82 0.43 1.35 0.32 
2 0.59 0.56 0.25 0.17 0.11 0.05 
3 0.72 0.63 0.46 0.19 0.21 0.13 
4 0.84 0.80 0.4 0.12 0.11 0.16 
5 0.73 0.6 0.68 0.17 0.16 0.17 
6 0.78 0.56 0.62 0.37 0.37 0.10 





I: inspiration; E: expiration; and EP: expiratory pause. 


Discussion 


In this study we consistently observed expiratory 
activity of the muscles of the upper abdominal wall. 
This confirms the findings in a previous study (2) in 
which 18 similar patients showed the same pattern of 
muscle activity, in the lower intercostal, upper ab- 
dominal, and lower abdominal muscles. This sug- 
gests that the muscles surrounding the abdominal 
contents usually have phasic respiratory activity after 
upper abdominal surgery. 

It is clear from the similar time-course of the 
changes in Poa and Eag during breathing, and the 
individual linear correlations between the breath- 
to-breath changes in these two variables (Figure 4), 
that this phasic pattern of abdominal muscle activity 
directly affects intraabdominal pressure. The magni- 
tude of the changes of Pga associated with the 
variations in EMG activity suggests that this pattern 
of abdominal! muscle action has a significant influence 
on the mechanics of breathing. Expiratory activity of 
the abdominal muscles has also been reported in 
dogs up to 1 hr after cholecystectomy (9). In normal 
humans, expiratory activity of the abdominal muscles 
is only found when minute ventilation is great (10-12). 

However, the abdominal muscles become active in 
humans during expiration when breathing is unstim- 
ulated in the lightly anesthetized state (13). In that 
study, performed in volunteers without surgical stim- 
ulation, the pattern of Pg, change was remarkably 
similar to that observed in the present study after 
upper abdominal surgery. The present study was 
performed 3 hr after recovery from anesthesia and 
conducted with agents associated with rapid recov- 
ery, so that residual effects of the anesthetic agents 
are unlikely to have been responsible for the findings 
of this study. 

Breathing influences intraabdominal pressure by 
the action of inspiratory muscles, both those of the rib 
cage and those of the diaphragm. Inspiratory activity 
of these two muscle groups has opposite effects on 
intraabdominal pressure: diaphragmatic contraction 
increases intraabdominal pressure, whereas inspira- 


tory action of the muscles of tne rib cage reduces 
intraabdominal pressure. In norma_ subjects in the 
supine posture inspiration is predominantly a result 
of diaphragmatic activity, and intraabdominal pres- 
sure increases during inspiration (14). In subjects 1 
through 5, because intraabdominal pressure changed 
little during inspirations when there was little change 
in abdominal muscle activity, both the rib cage mus- 
cles and diaphragm must have been active during 
inspiration, and acting in a way to minimize the 
transmission of the decrease in pleural pressure to 
the abdominal cavity. In the sixth subject, intraab- 
dominal pressure increased in late inspiration, and 
there was evidence on the E,p/Po, plot of an inde- 
pendent factor that influenced Pga; tais suggests that 
muscles exerting a positive influence on Poa were 
active at the end of inspiration, which is consistent 
with either a greater action of the diaphragm or 
relatively less action of rib cage muscles during inspi- 
ration in this subject compared to the others. 

Activity of the abdominal muscles can reduce lung 
volume, both directly, because of their insertion at the 
lower rib cage, and indirectly, by displacing the re- 
laxed diaphragm cranially secondéry to increases in in- 
traabdominal pressure. The abrupt offset of abdominal 
muscle activity can thus contribute to inspiration, if ex- 
piratory activity of the abdominal muscles has reduced 
the volume of the respiratory system to less than the 
passive functional residual capacity. This is observed 
in patients with bilateral phrenic nerve palsy (15). 

A sudden reduction of abdominal muscle activity 
at the onset of inspiration may impair the action of 
the diaphragm. Contraction of the diaphragm is 
normally accompanied by elevation of the lower rib 
cage, and this effect is dependent an the “fulcrum 
effect” of the abdominal contents (16), whereby the 
increase in intraabdominal pressure caused by the 
tense diaphragm also generates a lateral force on the 
lower rib cage. Thus a reductior. in intraabdominal 
pressure associated with the ofset of abdominal 
muscle activity, when diaphragmatic activity is in- 
creasing, may result in a less effictent mechanical 
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coupling of diaphragmatic contraction to lower rib 
cage movement. 

It is evident that expiratory abdominal muscle 
recruitment has to be considered in the analysis of 
respiratory impairment after abdominal surgery. Sev- 
eral methods of analysis have been advanced. Two 
are based on the relative pressure changes in abdom- 
inal and pleural compartments: the “diaphragmatic 
index” used by Gilbert, Auchincloss, and Peppi (17), 
which is the ratio between changes in intraabdominal 
pressure during inspiration and the change in trans- 
diaphragmatic pressure over the same period (AP 4g/ 
AP»), and the index used by Ford and colleagues (3) 
of the ratio between the change in abdominal pres- 
sure and the change in pleural pressure during inspi- 
ration (AP,s/APp,). A further index is based on the 
analysis by Konno and Mead of the motion of the rib 
cage and abdomen during breathing (18), and is 
expressed as the relative change in dimensions of the 
rib cage (RC) and abdomen (AB) [AAB/(AAB+ARC)]. 
After abdominal surgery, changes in both the pres- 
sure indices (3,19,20) and the motion index (3,21) 
have been interpreted as showing a marked degree of 
diaphragmatic impairment. Epidural analgesia with 
bupivacaine causes these indices to change toward 
the preoperative values (22). 

The above indices of pressure and motion attempt 
to assess the relative action of the diaphragm and rib 
cage muscles in a system in which the abdominal 
muscles may also contribute to both pressure and 
movement. If the abdominal muscles have phasic 
respiratory activity, such as after abdominal surgery, 
these indices are unlikely to be of value. For example, 
a reduction in abdominal muscle activity on inspira- 
tion will yield pressure indices suggesting greater rib 
cage activity, because these muscles have an opposite 
action on intraabdominal pressure. We conclude that 
phasic respiratory activity of the abdominal muscles 
is common after abdominal surgery. Abdominal mus- 
cle action should be considered in the analysis of 
respiratory movement and pleural and abdominal 
pressure changes after abdominal surgery. Previous 
conclusions concerning postoperative diaphragmatic 
activity need to be reevaluated in light of these 
findings. 


We wish to thank Mr. I.B. Macleod for the opportunity to study 
patients in his care and the ward staff for their interest and 
assistance. 
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Transient Maternal Hypotension following Epidural Anesthesia 


Elliot H. Philipson, mp, Betty R. Kuhnert, php, Renato Pimentel, mp, and 


Saeid B. Amini, PhD 


PHILIPSON EH, KUHNERT BR, PIMENTEL R, 
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Transient maternal hypotension following regional anesthe- 
sia can lead to significantly lower umbilical cord pH values. 
Although this acidosis has not been found to be clinically 
significant, acidosis may increase the placental transfer of 
local anesthetic agents as a result of “ion trapping.” The 
purpose of this study was to examine the pharmacologic and 
clinical consequences of transient maternal hypotension fol- 
lowing epidural anesthesia. Forty women at term received an 
epidural anesthesia with 0.5% bupivacaine before cesarean 
section. Patients were divided into two groups based on the 
development of maternal hypotension, defined as a systolic 


Maternal hypotension is one of the most common 
complications of obstetrical lumbar epidural anesthe- 
sia (1,2). Hypotension may lead to utero-placental 
hypoperfusion and fetal acidosis (3). However, when 
the hypotension is rapidly corrected and hence tran- 
sient, even though significantly lower umbilical cord 
vein and artery pH values have been reported, these 
are without any clinical consequences to the neonate 
(4). 

Fetal acidosis can influence the disposition of local 
anesthetic agents. Acidosis may cause the ionized 
form of the local anesthetic to become “trapped” on 
the fetal side of the placenta and increase its net 
transfer across the placenta (5). An increase in pla- 
cental transfer of bupivacaine following epidural an- 
esthesia has been shown in acidotic infants (6). With 
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blood pressure less than 100 torr or a decrease cf 30% or more 
from the preanesthetic level. Thirteen pazients (33%) devel- 
oped hypotension that was corrected within 2 1 + 1.8 min. 
The pH of umbilical cord venous and arterial blood and the 
concentration of bupivacaine were significant'y lower (P < 
0.05) in neonates of mothers in the hypotensive group than 
in neonates of mothers that did not develo» hypotension. The 
results show, however, that transient maternal hypotension 
following epidural anesthesia does not lead to a greater 
placental transfer of bupivacaine due to “zon trapping” even 
though neonatal cord blood pH decreases. 


Key Words: ANESTHESIA, OBSTETRIC— 
hypotension. ANESTHETIC TECHNIQUES, 
EPIDURAL—obstetric. 


transient maternal hypotension and changes in pH, 
the potential for “ion trapping” and an increase in 
placental transfer of local anesthetic agents exists. 
The purpose of this study was 1) to examine the 
pharmacologic consequences of transient maternal 
hypotension following epidural anesthesia with bu- 
pivacaine for cesarean section, ard 2) to verify previ- 
ous clinical results of this complication. 


Materials and Methods 
Patients 


All patients had normal singleton term gestations. 
These patients were scheduled for elective cesarean 
section in the morning at Cleveland Metropolitan 
General Hospital and were not in labor. None of the 
patients had a history of liver or kidney disease or 
known drug abuse. This prospective study was ap- 
proved by the hospital human investigation commit- 
tee, and appropriate informed consent was obtained 
prior to the study. 


Procedure 


Prior to the procedure, all patients received a rapid 
intravenous infusion of at least 1 L of normal saline or 
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Ringer's lactate solution. An anesthesiologist admin- 
istered the epidural anesthesia using 0.5% bupiv- 
acaine without epinephrine. All patients were placed 
on the operating room table in the supine position 
with left lateral uterine displacement and were given 
oxygen at 4 L/min by nasal cannula before the bupi- 
vacaine was injected. Following a test dose (3 mL), 
bupivacaine in incremental doses of 5 mL was given 
to obtain a sensory block to T,-T, dermatome. Ma- 
ternal blood pressure was measured every minute 
with an Arteriosonde (Kontron Inc., Everett, MA) 
from the time of epidural anesthesia until delivery of 
the infant and every 5 min until completion of sur- 
gery. Maternal hypotension was identified when the 
systolic blood pressure was less than 100 torr or when 
there was a decrease of 30% or more from the 
preanesthetic baseline level. Ephedrine was not used 
prophylactically. If hypotension developed, it was 
immediately corrected by incremental doses of intra- 
venous ephedrine (5-10 mg) and by increasing the 
rate of infusion of the intravenous solution. The total 
doses of bupivacaine and ephedrine as well as both 
times from bupivacaine administration to delivery 
(drug—delivery interval) and from the initial recording 
of hypotension to a normotensive blood pressure 
(recovery time) were recorded. 


Sample Collection 


Maternal blood samples (3 mL) from a peripheral arm 
vein were obtained at delivery coincident with clamp- 
ing of the umbilical cord. Neonatal blood samples 
were obtained at birth from a doubly clamped section 
of cord. All samples were drawn into heparin antico- 
agulant tubes and immediately placed on ice. The 
plasma was removed following centrifugation and 
frozen until assayed for drug levels. 


Clinical Outcome 


The neonatal clinical effects were monitored by the 1- 
and 5-min Apgar scores and acid-base status of the 
umbilical cord at delivery. Blood gas tensions and pH 
in umbilical cord venous and arterial blood were 
immediately measured with an automatic gas system 
(Corning-175). Each infant was weighed and a com- 
plete physical examination was performed. The ges- 
tational age was determined by the Ballard modifica- 
tion of the Dubowitz examination (7). 


Sample Analysis 


Plasma samples (3 mL) from the maternal vein and 
umbilical cord vessels at delivery were analyzed for 
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bupivacaine and its metabolite 2,6-pipecolylxylidine 
(PPX) by gas chromatography-mass spectometry 
techniques as previously described (8). The sensitiv- 
ity of this method is 4 ng/mL. 


Data Analysis 


Patients were divided into two groups based on the 
development of maternal hypotension following lum- 
bar epidural anesthesia. The two groups, i.e., nor- 
motensive and hypotensive, were characterized by 
descriptive statistics and the means of outcome vari- 
ables were compared using two sample t-test and 
Mann-Whitney rank-sum test. Pearson correlation, 
canonical correlation, and linear regression analysis 
were used to document simple or multiple correla- 
tions between the drug-—delivery interval, recovery 
time, and the bupivacaine concentration in the ma- 
ternal and umbilical cord vein. A P value of <0.05 
was considered statistically significant. 


Results 
Clinical Effects 


Thirteen of the 40 patients (33%) in the study devel- 
oped hypotension, whereas 27 patients remained 
normotensive. There were no differences in maternal 
characteristics between the groups (Table 1). All 
neonates in the normotensive group were at term and 
had 1- and 5-min Apgar scores greater than 7. One 
neonate in the hypotensive group had a 1-min Apgar 
score of 6. The 5-min Apgar score in this neonate was 
8. There were no differences between the groups in 
the total dose of bupivacaine administered, drug- 
delivery interval, or uterine incision-delivery inter- 
val. The mean dose of ephedrine was 17 + 8 mg, and 
the recovery time was 2.1 + 1.8 min (Table 1). 

The effect of maternal hypotension on the umbili- 
cal cord vein and artery acid-base status is shown in 
Table 2. The mean pH was significantly less in the 
umbilical cord vein (t = 2.45, P < 0.05) and artery 
(t = 2.02, P < 0.05) in hypotensive than in normoten- 
sive mothers. There were no significant differences in 
Pco, or Po, between the groups. 


Pharmacologic Effects 


The maternal and umbilical cord plasma concentra- 
tions of bupivacaine and its metabolite, PPX, are 
shown in Table 3. There was no significant difference 
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Table 1. Maternal, Neonatal, and Intrapartum 
Characteristics of the Two Study Groups 
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Table 3. Bupivacaine (ng/mL) and PPX “‘mg/mL) 
Concentrations at Delivery in Maternal Plasma and 
Umbilical Cord in the Two Study Groups 


Normotensive Hy>otensive 
group group Significance 
(n = 27) (a = 13) (P value) 

Bupivacaine 

(ng/mL) 

Maternal vein 1.03 + 0.52" 1.24 + 0.73 NS 

Cord vein 0.31 + 0.10 0.21 + 0.07 <0.05 

F/M ratiot 0.37 + 0.33 0.21 + 0.12 NS 
PPX (mg/mL) 

Maternal vein 0,04 + 0.05 0.04 + 0.03 NS 

Cord vein 0.04 + 0.03 0.03 + 0.01 NS 

F/M ratio 0.90 + 0.54 0.85 + 0.44 NS 


Normotensive Hypotensive 
group group, 
(n = 27) (n = 13) 
Mothers 
Age (years) 28 + 6* 25+ 4 
Height (cm) 159 + 6 162 + 6 
Weight (kg) 75 + 15 81 + 18 
Hematocrit (%) 3543 35 +4 
Neonates’ 
Gestational age (weeks) 39 +1 39E 1 
Birthweight (g) 3263 + 423 3443 + 555 
Apgar score <7 
l-min 0 1 
S-min 0 0 
Intrapartum anesthesia 
Total dose bupivacaine (mg) 127.2 27 129 + 31 
Drug-delivery interval (min) 38 + 8 45 + 13 
Uterine incision-delivery 106 + 63 143 + 53 
interval (sec) 
Total dose of ephedrine (mg) —- 178 
Recovery time (min) — 21 £1.8 


*Mean + standard deviation. 


Table 2. Effect of Maternal Hypotension on Umbilical 
Cord Acid-Base Status at Delivery 





Normotensive Hypotensive Significance 

Umbilical cord group group (P value) 
Vein 

pH 7.34 + 0.05* 7.30 + 0.05 <0.05 

Peo, 40.9 + 4.9 39.9 + 6.0 NS 

Po, 32.1 + 10.7 29.5 4 5.2 NS 
Artery 

pH 7.26 + 0.06 7.22 + 0.08 <0.05 

Pco, 52.2 + 6.7 55.2 + 8.1 NS 

Po, 15.9 + 5.0 16.1 + 3.8 NS 


NS = not significant. 
*Mean + standard deviation. 


between the groups in the bupivacaine concentration 
in the maternal vein at delivery. The concentration of 
bupivacaine in the umbilical cord vein was, however, 
significantly lower in neonates of hypotensive moth- 
ers than in normotensive mothers (f = 2.03, P < 
0.05). There was no significant difference in the 
concentrations of PPX or fetal/maternal ratios be- 
tween the groups. Although not statistically signifi- 
cant, the fetal/maternal ratio of bupivacaine levels 
was lower in the hypotensive group than in the 
normotensive group. 

Using the Pearson correlation, there was no signif- 
icant correlation between umbilical cord bupivacaine 
concentration and maternal bupivacaine concentra- 
tion (r = 0.12, P > 0.7), drug—delivery interval (r = 
0.2, P > 0.5), or recovery time (r = 0.1, P > 0.7). 


NS = not significant. 

*Mean + standard deviation. 

tLevel in cord vein/level in maternal vein at delivery. Mean of individual 
ratios, not ratio of means. 


Further canonical correlation failed to show any sig- 
nificant correlation between the bupivacaine concen- 
trations and time intervals. The first canonical corre- 
lation was 0.42, P = 0.8. 


Discussion 


The purpose of this study was to examine the clinical 
and pharmacologic consequences of transient mater- 
nal hypotension following lumbar epidural anesthe- 
sia with bupivacaine for cesarean section. The results 
demonstrate that transient maternal hypotension 
does not lead to a greater placental transfer of bupiv- 
acaine due to “ion trapping.” 

The key finding of this study was the lower con- 
centration of bupivacaine in the umbilical cord vein in 
the hypotensive group. This lower drug concentra- 
tion was accompanied by a lower <etal pH and a 
lower, but not statistically significant, decrease in the 
fetal/maternal ratio. With this mildly acidotic change, 
an increased concentration of bupivacaine would 
have been anticipated if “ion trapping” of bupiv- 
acaine occurred. A possible explanation for the lower 
drug concentration may be due to small differences 
(although not statistically signif:cant ones) in the 
drug—delivery or uterine incision—delivery intervals 
or possibly from decreased transfer across the pla- 
centa by a relative utero-placental hypoperfusion in 
the hypotension group. 

Another result of this study is the 33% incidence of 
maternal hypotension. This incidence is similar to 
those reported by Brizgys et al. in nonlaboring moth- 
ers (36%) and in another study (28%) of women 


MATERNAL HYPOTENSION FOLLOWING EPIDURAL ANESTHESIA 


undergoing elective cesarean section (4,9). This high 
percentage of hypotension may result from insuffi- 
cient hydration or possibly from the study design 
when the blood pressure is monitored automatically 
and frequently. In addition, the maternal hypoten- 
sion was described as transient, as the mean duration 
of hypotension in our study was 2.1 min and no 
adverse neonatal effects were found. Corke et al. also 
found that a short period of hypotension after spinal 
analgesia for cesarean section, defined as less than 2 
min, was not harmful to the neonates (10). Although 
Brizgys et al. did not report the duration of the 
hypotension, maternal hypotension was rapidly cor- 
rected and classified as “transient” and without ad- 
verse clinical effects (4). Thus, the definition of “tran- 
sient” hypotension is important because in such 
cases lower umbilical-cord vein pH values are with- 
out adverse clinical consequences. One might expect 
that a more severe or prolonged hypotensive episode 
with fetal hypoxia and acidosis mav have different 
clinical and pharmacologic results. However, mater- 
nal hypotension, when transient in our study, does 
not have adverse clinical or pharmacologic conse- 
quences. 

In summary, despite specific prophylactic mea- 
sures, maternal hypotension occurs frequently in 
nonlaboring mothers who receive lumbar epidural 
anesthesia for cesarean section. Maternal blood pres- 
sure should be monitored frequently, so that hypo- 
tension is recognized and rapidly treated. Short- 
lived, rapidly corrected, and hence transient maternal 
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hypotension is not associated with adverse clinical or 
pharmacologic effects on the neonate. 
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Bronchial Cuff Pressures of Double-Lumen Tubes 
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BRODSKY JB, ADKINS MO, GABA DM. Bronchial cuff 
pressures of double-lumen tubes. Anesth Analg 
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Pressure damage to respiratory mucosa from overinflation 
of bronchial cuffs has been implicated as a cause of bronchial 
rupture, a rare but devastating complication of double- 
lumen endobronchial tubes (DLTs). We compared the pres- 
sure/volume characteristics of the bronchial cuffs of three 


Airway trauma from double-lumen endobronchial 
tubes (DLTs) may result from overinflation of the 
bronchial cuff, which can lead to ischemic pressure 
damage to the respiratory mucosa. The association 
between high intracuff pressure and ischemic injury 
to the tracheal wall has been previously documented 
for endotracheal tubes (1), but there have been few 
reports of bronchial cuff pressure/volume measure- 
ments for DLTs. Therefore, we measured the bron- 
chial cuff pressure/volume characteristics of commer- 
cially available DLTs to determine whether there 
were differences between tubes currently in use. 


Methods 


The 41F polyvinylchloride (PVC) left-DLTs used in 
this study were provided to us by their manufactur- 
ers (Mallinckrodt [Broncho-Cath], Sheridan [Bronco- 
Trach], Rusch [Bronchial Double-Lumen Tube]). 
Equivalent sized (large) red-rubber Robertshaw tubes 
(Leyland) were also used for comparison. Two dif- 
ferent tubes of each type were studied with a mini- 
mum of three trials for each individual DLT. 

Each tube was placed horizontally in a rigid glass 
cylinder whose diameter (12 mm) equaled the diam- 
eter of the average male’s left main-bronchus (2). The 
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different polyvinylchloride (PVC) DLTs and a equivalent 
sized red-rubber Robertshaw DLT. At tke vo.ume needed to 
seal effectively our bronchial model, twa of the three PVC 
tube cuffs tested generated significantly less pressure than 
did that of the cuffs of the third PVC and the red-rubber 
Robertshaw tubes. 


Key Words: ANESTHETIC TECHNIQUES, 
ENDOBRONCHIAL—cuff pressures. EQUIPMENT, 
TUBES—endobronchial. 


valve of the pilot balloon was connected to a pressure 
transducer through saline solution filled tubing. A 
second transducer was attached to the breathing 
circuit adaptor of the bronchial lumen. Pressures 
were transduced and recorded wita use of a Mar- 
quette 700 RA monitor with a Marquette DDW digital 
chart recorder at a paper speed of 10 mm/sec. A scale 
of 0-200 mm Hg was used for the cuff pressure and 
0-30 mm Hg for the bronchial lumen pressure. Trans- 
ducers were set at zero before each determination 
and were placed at the level of the DLT. 

The bronchial lumen of each tube was connected 
to the breathing circuit of an anesthesia machine 
(Ohio Modulus) that delivered 10 L/min oxygen. The 
bronchial cuff was progressively distended by contin- 
uous inflation of air with use of a syringe pump (Edco 
Scientific Model 843). Activation of the pump was 
simultaneous with a mark on the chart paper with 
use of a third pressure channel. When the bronchial 
cuff occluded the inside of the glass cylinder, the 
pressure within the bronchial lumen began to rise. 
Occlusion time (and therefore volume) was deter- 
mined from the chart paper as the first clearly detect- 
able rise of this pressure tracing by an observer, 
without regard to the tube type. The volume of the air 
delivered to the cuff was determined from the re- 
corded time with use of the pzeviously calibrated 
constant delivery rate of the pump. Cuff pressures to 
5 mL of cuff volume at 1-mL intervals and occlusion 
time were recorded. 

Data are presented as the mean + sp. The hypoth- 
esis that there was a difference between tube types in 
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Cuff Pressure (mm Hg) 





0.0 1.0 2.0 3.0 4.0 5.0 
Cuff Volume (ml alr) 


Figure 1. The pressure/volume relationships of the bronchial cuffs 
of the four left double-lumen tubes studied are shown. The 
Mallinckrodt, Rusch, and Sheridan tubes were size 41F and the 
red-rubber Robertshaw tube was a size larger. 


the cuff volume and cuff pressure at occlusion of the 
airway was tested by Scheffe’s multiple comparisons 
applied to each pair of tube types. Statistical signifi- 
cance was considered to be achieved when P < 0.05. 


Results 


Figure 1 shows the average pressure/volume relation- 
ships of the bronchial cuffs of the four types of DLTs 
studied. Two milliliters of air resulted in a pressure of 
<80 mm Hg in all three PVC DLTs as well as in the 
red-rubber Robertshaw DLT. An additional 1 mL of 
air (total 3 mL) caused pressure to increase to 100 mm 
Hg or more in the bronchial cuffs of all four DLTs. 

The important relationship is the pressure gener- 
ated at the minimal volume necessary to occlude the 
airway. Occlusion pressures were <20 mm Hg for the 
Rusch and Mallinckrodt tubes at bronchial cuff vol- 
umes of <1.5 mL (Figure 2). There were no differ- 
ences in the occlusion cuff volume nor in occlusion 
pressure between these two tubes. The Sheridan 
bronchial cuff sealed the airway at approximately 135 
mm Hg and the red-rubber Robertshaw DLT required 
110 mm Hg to seal the airway. There were no 
statistical differences in volume to occlusion nor to 
occlusion pressure when these two tubes were com- 
pared with each other. Occlusion volume and pres- 
sure were both significantly higher (P < 0.05) with 
the Sheridan or Robertshaw tubes than with the 
Rusch and Mallinckrodt DLTs. 
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Cuff Pressure at Occlusion (mm Hg) 





0.0 1.0 2.0 3.0 4.0 5.0 


Cuff Volume at Occlusion (mi air) 


Figure 2. The bronchial cuff pressure at the volume necessary to 
occlude the model airway is shown. Average values for occlusion 
pressure (mm Hg) and occlusion volume (mL air) are shown +1 sp. 
There were ro significant differences in either pressure or volume 
between the Mallinckrodt and Rusch tubes, but both these tubes 
had occlusion pressures and volumes that were significantly lower 
(P < 0.05) than those of the Sheridan and Robertshaw tubes. 


Discussion 


DLTs are a useful adjunct in thoracic surgery and 
their popularity has continued to increase since the 
introduction of PVC models, which offer important 
advantages with regard to ease of positioning and 
safety when compared with older, red-rubber DLTs 

(3). | 

Neto (4) compared 24 patients intubated with an 
unspecified PVC tube and 26 patients intubated with 
a red-rubber left Carlens DLT. Immediately after 
intubation, the PVC bronchial cuff pressure was 56 + 
21 mm Hg compared with 130 + 41 mm Hg for the 
Carlens cuff. He concluded that because PVC tubes 
produced lower pressures, the risk of damage to the 
bronchus can be decreased by the use of PVC DLTs. 
Unfortunately, he failed to note information about 
the type and size of the tubes used in his study and 
what cuff volumes were needed to “just seal” the 
bronchus. 

Although designed as low pressure/high volume 
cuffs, we found that all PVC cuffs produced high and 
potentially dangerous bronchial cuff pressures when 
distended with volumes of air greater than needed to 
seal the model airway. At 4 mL, all PVC tubes 
generated pressures identical to those of the high 
pressure/“‘low’’ volume red-rubber DLT bronchial 
cuff. The pressure of the bronchial cuff of the Rusch 
PVC DLT remained lowest at all volumes. This result 
may be due to its unique roller pin shaped cuff that 
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allows pressure to be distributed over a greater sur- 
face. 

The important relationship is the bronchial cuff 
pressure generated at the volume needed to “just 
seal” the bronchus. When an appropriately sized 
PVC DLT is in proper position, the bronchial cuff 
volume should be <2 mL for the Rusch and Mallinck- 
rodt DLTs and 3.5 mL for the Sheridan and Robert- 
shaw tubes. Our clinical experience supports these 
observations. We found with Mallinckrodt PVC DLTs 
that when >3 mL of air is needed to prevent a leak 
around the bronchial cuff, the cuff is probably herni- 
ating above the carina or is entirely in the trachea (5). 
When larger volumes are needed, we always care- 
fully reevaluate tube position. 

There have been reports of tracheobronchial rup- 
ture from red-rubber DLTs (6-8). Although this com- 
plication is rare, PVC DLTs have also been implicated 
in cases of left main-stem bronchial rupture (9,10). 
Injury usually is the result of overdistention, in effect, 
changing a low pressure cuff to a high pressure cuff. 
Further cuff distention can occur if nitrous oxide is 
used due to the well known effects of this gas in 
closed, air containing spaces (11). Therefore, when 
nitrous oxide is used, the bronchial cuff should be 
periodically deflated to avoid excessive pressure 
buildup on the bronchial mucosa. 

The larger the PVC DLT that can be safely placed, 
the better,.because smaller caliber tubes require more 
air in the bronchial cuff to seal the airway. The 
outside diameter of the left endobronchial lumen is 
approximately the same for all three 41F PVC DLTs 
studied (10.6-11.5 mm ) (12). We do not know why 
the Sheridan bronchial cuff required more air and 
higher occlusion pressures to seal the model than 
those of the other PVC DLTs. 

The outside diameter of the equivalent sized rub- 
ber Robertshaw tube is larger and the distal endo- 
bronchial tube is oval, unlike the more rounded 
bronchial portion of the PVC DLT. The bulkier rubber 
tube required a relatively large volume to seal the 
airway although the model bronchus was almost 
filled by the body of the tube itself. The cuff of the 
red-rubber tube is approximately twice as long as the 
PVC tubes, which may be one reason why it requires 
more air (13). In addition, high pressure cuffs such as 
the bronchial cuff of the the red-rubber tube have a 
tendency to dilate asymmetrically, so greater vol- 
umes may be needed to effect a seal (14). 

Although mucosal ulceration, tracheomalacia, tra- 
cheoesophageal fistula, tracheal stenosis, and airway 
rupture have all been associated with low volume/ 
high pressure tube cuffs, excessive lateral tracheal- 
wall pressure may not account for all the damage 
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(14). Uneven distention of the bronchial cuff could 
drive the tip of the endobronchial tube lumen into the 
wall of the airway increasing the risk of airway 
laceration. Older, reusable red-rubber DLTs have 
increased stiffness and tube tip irregularities, which 
could cause further trauma during intubation. 

The described considerations ccupled with our 
documentation of the high pressures needed to oc- 
clude our model with the reusable Robertshaw tube 
suggest that disposable, low pressure PVC DLTs are 
safer. In our study model, two of the three PVC 
bronchial cuffs exerted very lcw pressures when 
inflated with a volume of air neeced to seal the model 
airway, suggesting that the risk of ischemic pressure 
injury to the bronchus should be less if these tubes 
are used properly. 
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Neuromuscular Blockade in Rats 
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LAW SC, RAMZAN IM, BRANDOM BW, COOK DR. 
Intravenous ranitidine antagonizes intense 
atracurium-induced neuromuscular blockade in rats. 
Anesth Analg 1989;69:611-3. 


The neuromuscular action of ranitidine, an H,-receptor 
antagonist, was investigated by determining its effect on 
atracurium-induced neuromuscular blockade in urethane- 
anesthetized and mechanically ventilated male Sprague- 
Dawley rats. An intravenous bolus and an infusion of 
atracurium were administered to produce a stable 93 + 5% 
(n = 11} neuromuscular blockade as judged by tibialis 


Histamine H,-receptor antagonists are widely used in 
modern medicine. They decrease basal and stimu- 
lated gastric acid secretion and are effective agents in 
the treatment of gastric and duodenal ulcers, stress 
ulcers, and hypersecretory states such as the Zollin- 
ger~Ellison syndrome. These drugs are also being 
promoted for use in clinical anesthesia as prophylaxis 
against gastric acid aspiration (1,2), especially cimet- 
idine and, more recently, ranitidine. 
Antihistamines, including ranitidine, possess a 
wide variety of pharmacologic properties unrelated to 
their effect on acid secretion. Besides altering hepatic 
drug metabolism (3) and blood flow (4), they may also 
interfere with renal secretion of drugs by the proximal 
tubules (5). Of particular importance to anesthesiolo- 
gists is recent evidence that cimetidine and ranitidine 
can inhibit acetylcholinesterase and, at high doses, 
produce neuromuscular blockade (6). Because H,- 
antagonists may be given to patients who will also 
receive neuromuscular blocking agents, there is poten- 
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anterior muscle twitch response. Ranitidine administered as 
a 1, 5, or 1C mg/kg normal body weight IV bolus during 
continuous atracurium infusion produced marked aniago- 
nism of neuromuscular paralysis. The percentage of antag- 
onism (25 + 9%; n = 4; 53 + 19%, n = 4; and 79 + 9%, 
n = 3, respectively) was linearly related to the dose of 
ranitidine (r = 0.86, P < 0.05). These results suggest that 
IV ranitidine has a significant anticholinesterase action 
against atracurium-induced neuromuscular blockade. 


Key Words: NEUROMUSCULAR RELAXANTS, 
ATRACURIUM. HISTAMINE, H, BLOCKERS— 
ranitidine. 


tial for phermacodynamic (and perhaps pharmacoki- 
netic) interactions between these drugs. This study 
was thus designed to examine this potential interac- 
tion in vivo with use of an animal model by evaluating 
the ability of ranitidine to antagonize intense atracu- 
rium-induced neuromuscular blockade in rats. 


Methods 


This study was performed according to institution- 
al guidelines for animal experimentation. Male 
Sprague-Dawley rats weighing 408-485 g were anes- 
thetized br-efly (approximately 10 min) with diethyl 
ether followed by IV urethane (1.25 g/kg normal body 
weight). Urethane was used because it does not 
interfere with neuromuscular transmission, as do 
potent inhalational agents or even barbiturates (7). 
Additional injections of urethane were given when 
clinically indicated. Venous and arterial cannulae 
were inserted, and a tracheostomy was performed. 
The animals were ventilated with 100% oxygen with 
use of a Harvard small animal ventilator. Rectal 
temperature was maintained at 33.7-38.6°C with use 
of a heating pad and a heating lamp. Electrocardiog- 
raphy (ECG) was continuously monitored. The ante- 
rior tibialis muscle was exposed and coated with 
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Figure 2. Dose-response curve for ranitidine antagonism of 84- 
98% neuromuscular block produced by a continuous infusion of 
atracurium. 


liquid paraffin. The tendon of the anterior tibialis 
muscle was severed and attached to a Grass FT-03 
transducer. A Grass 5-48 stimulator was used to 
stimulate supramaximally the isolated sciatic nerve 
with 0.2-msec square waves at a frequency of 0.1 Hz. 
A polygraph recorder was used to record the me- 
chanical twitch response. 

After the surgical preparation, baseline twitch re- 
sponse was recorded until it became stable for 3-5 
min. Atracurium was then administered as a 2 mg/kg 
IV bolus followed by a constant-rate infusion at about 
100 pg-kg~*-min™’ to obtain a neuromuscular block- 
ade of 84-98%. Ranitidine was then administered as a 
1, 5, or 10 mg/kg bolus through a catheter not being 
used for the continuous atracurium infusion. After 
observation of ranitidine’s effect, the atracurium in- 
fusion was terminated followed by spontaneous re- 
covery from neuromuscular blockade. Data were ex- 
cluded from the final analysis if the final twitch 
height failed to reach >80% of the initial baseline. 

To determine the dose-response relationship, we 
calculated the percentage of antagonism as 


Preranitidine block(%) — Postranitidine block(%) 
Preranitidine block(%) 


x 100. 


These values are expressed in reference to the base- 
line twitch response obtained before atracurium ad- 
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HR Figure 1. Example of a typical experiment. 
| Neuromuscular blockade is achieved after atra- 
|i curium IV bolus and infusion. Ranitidine (5 
mg/kg) quickly antagonizes the block and a final 
baseline is obtained after zhe atracurium infu- 
sion is discontinued. 
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Table 1. Reversal of Atracurium-Induced Neuromuscular 
Paralysis with Ranitidine in Rats 


Ranitidine Neuromuscular paralysis (%) 
dose i Reversal 
(mg/kg) n Preranitidine Postranitidine (%) 
1 4 97 = 2 73 + 10 25+9 
5 4 95 + 2 45+ 18 53 + 19 
10 3 91+ 6 20 +9 79 +9 


ministration. The percentage of antagonism versus 
logarithm of the dose was analyzed with a least- 
squares linear regression. Statistical significance was 
assumed at P < 0.05. 

Plasma ranitidine concentrations were measured 
in three rats approximately 1 min following the 
injection of 1 mg/kg ranitidine. Arterial blood sam- 
ples were heparinized and centrifuged; separated 
plasma was stored at —20°C until assayed for raniti- 
dine. Ranitidine was measured by high-pressure liq- 
uid chromatography (HPLC) and an ultraviolet (UV) 
detector. 


Results 


The results of a typical experiment are shown in 
Figure 1. A constant infusion of atracurium produced 
a steady level of intense neuromuscular paralysis, 
which was antagonized by intravenous ranitidine. 
After ranitidine was administered, rapid antagonism 
of neuromuscular blockade was observed within 30 
sec. During the injection of ranitidine, occasional 
premature ventricular contractions were noted in 
some animals. The overall ranitidine effect on neuro- 
muscular blockade was linearly correlated to the 
administered dose (Figure 2). Table 1 is a summary of 
the raw data. Injection of ranitidine vehicle alone did 
not affect neuromuscular function. A two-tailed t-test 
demonstrated that the antagonism produced by the 
lowest ranitidine dose (1 mg/kg) was significantly 
different from that by the baseline. The plasma con- 
centration 1 min after injection of renitidine averaged 
3.5 + 1.9 we/mL. 


RANITIDINE AND NEUROMUSCULAR BLOCKADE 


Discussion 


More than 60 million people have been treated with 
histamine H,-receptor antagonists since the introduc- 
tion of cimetidine in 1976 and of ranitidine in 1981 (3). 
H,-receptor antagonists are widely used as prophy- 
laxis against aspiration pneumonitis. In some centers, 
the administration of ranitidine to outpatients as a 
preoperative medication has become routine. 

Cimetidine inhibits acetylcholinesterase (8). In 
vitro studies have shown low concentrations of H,- 
receptor antagonists to be inhibitors of acetylcho- 
linesterase, whereas higher concentrations produce 
neuromuscular blockade secondary to channel block- 
ade (9,6). There have been no in vivo dose-response 
studies to evaluate the potential antagonism of non- 
depolarizing neuromuscular blockade by the H,- 
receptor antagonists. Previous evidence shows that 
ranitidine pretreatment does not alter succinylcholine 
duration of action (10). This study was designed to 
examine a potential interaction in vivo in rats with 
use of ranitidine and atracurium. 

At clinically relevant doses, ranitidine antagonizes 
intense atracurium-induced neuromuscular block- 
ade. The degree of reversal observed in the present 
study was linearly related to the log-dose of raniti- 
dine administered. The average plasma concentration 
after the 1 mg/kg ranitidine bolus was 3.5 ug/mL. 
This concentration is similar to the peak levels of 
1.5-8.4 ug/mL in humans after an infusion of 50 mg 
ranitidine over 4 min (11). It is expected that a similar 
effect may be seen in humans immediately after an 
intravenous bolus of ranitidine during nondepolariz- 
ing neuromuscular blockade. A poorly documented 
case (12) has been reported of a patient who devel- 
oped resistance to nondepolarizing blockade that was 
attributed to chronic oral administration of ranitidine 
and preceding surgery. However, a study (13) of 
patients taking ranitidine (150 mg) or cimetidine (400 
mg orally twice a day) failed to show in vitro inhibi- 
tion of acetylcholinesterase (13). A more recent study 
of patients taking cimetidine orally the night before 
and 2 hr before surgery also failed to show in vitro 
inhibition of acetylcholinesterase (14). Because peak 
concentrations following bolus administration are ap- 
proximately 10 times those following oral administra- 
tion (11,15), an anticholinesterase effect may be more 
frequently observed after IV administration. Further- 
more, ranitidine is a more potent inhibitor of acetyl- 
cholinesterase than is cimetidine (6). 

The present results in rats with ranitidine may be 
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clinically relevant because they suggest that pretreat- 
ment with ranitidine to provide prophylaxis against 
aspiration pneumonitis may necessitate an increased 
dose of nondepolarizing agents to provide adequate 
relaxation. This effect may be of particular importance 
during a rapid-sequence induction of anesthesia or 
during operations in which even the slightest patient 
movement must be avoided. It is also possible that 
this class of drugs may eventually have potential 
usefulness in reversing the neuromuscular effects of 
nondepolarizing relaxants. 
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Postoperative Isolated Dysfunction of the Long Thoracic Nerve: 
A Rare Entity of Uncertain Etiology 


John T. Martin, Mp 


MARTIN JT. Postoperative isolated dysfunction of the 
long thoracic nerve: a rare entity of uncertain etiology. 
Anesth Analg 1989;69:614-9. 


A “winged” scapula is a rare, poorly understood, and 
potentially disabling curiosity following anesthesia and 
surgery. It is produced by dysfunction of the long thoracic 
nerve and consequent paralysis of the serratus anterior 
muscle. A survey of senior anesthesiologists indicated a 
consistent lack of familiarity with the entity. This article 
presents six cases of postoperative long thoracic nerve palsy. 
In a literature review of 111 instances of long thoracic nerve 


Several instances of recent litigation have focused 
attention on the long thoracic nerve of Bell and its 
potential for dysfunction following anesthetics for 
surgical procedures that were unrelated to the ana- 
tomic area of the nerve. Although long thoracic nerve 
palsy is a rare occurrence (1), it produces paralysis of 
the serratus anterior muscle and “winging” of the 
scapula. The cosmetic and functional liability that 
results may last for many months and is distressing to 
the patient. Appearance of such a surprising entity 
postoperatively has frequently led to corrosive accu- 
sations about who was responsible. 

A review of the anesthesia literature reveals 
a paucity of information about this condition. 
Responses from an informal survey of senior anes- 
thesiologists across the nation indicate almost no 
recognition of the problem (DC Boals, personal com- 
munication). This article presents several instances of 
postanesthetic long thoracic nerve palsy, reviews 
pertinent literature, and seeks an etiologic perspec- 
tive that is more balanced than the current tendency 
to castigate automatically the anesthesiologist when 
the condition occurs. 
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palsy, 51 were trauma-related, 47 were either tdiopathic or 
of debatable origin, and 13 appeared following a surgical or 
obstetrical procedure. Unprovable etiologic contentions 
were frequent. Considerations of the etsologies of postoper- 
ative long thoracic nerve palsies must include a coincidental 
infectious neuropathy (“neuralgic amyctropy”’) as a valid 
alternative to the assertion that a preventable injury oc- 
curred during anesthesia. 


Key Words: COMPLICATIONS, LONG THORACIC 
NERVE PALSY. NERVES, LONG THORACIC— 
postoperative palsy. 


Case Reports 


The following reports have been derived from mate- 
rial that permitted acceptable assessment of details. 
Two additional instances are known as anecdotes but 
are not recounted here because details were not 
available for evaluation. 

1) During an endotracheal anesthetic, a patient 
was placed in a flexed left lateral decubitus position 
for a right nephrectomy. The upside (right) arm was 
carefully secured, without detectable traction or com- 
pression, on an elevated soft rest that extended 
ventrally from the shoulder and was parallel to the 
sagittal plane of the body. Restraining tapes across 
the patient's hips kept the tors> from rolling out of 
the lateral position. The anesthetic and nephrectomy 
were uneventful. 

Postoperatively, the patient complained only of 
flank pain. He later stated that he had suppressed a 
new complaint of right shoulder pain at the time of 
discharge from the hospital on the 4th postoperative 
day to assure his return home. On the 5th and 6th 
postoperative days, while at home on minimal activ- 
ity, he complained of an increasingly intense, dull, 
throbbing ache located diffusely about his right 
shoulder. On about the 7th postoperative day, a 
relative noted that the medial border of his right 
scapula was unusually prominent. 

Nine days after the nephrectomy, the surgical 


1 


LONG THORACIC NERVE PALSY 


wound was reopened to drain a hematoma. The 
urologist deemed the shoulder pain to be referred 
from the hematoma site in the ipsilateral flank. How- 
ever, a consultant declared that an “injury” had 
occurred as the result of faulty transport, handling, or 
positioning of the patient at the time of the nephrec- 
tomy. 

2) A healthy, athletic woman outpatient under- 
went an uncomplicated general anesthetic while su- 
pine for a surgical procedure on a knee. She was alert 
and relatively pain free on discharge from the recov- 
ery unit. Within the next 48 hr, she developed inca- 
pacitating pain in the area of her right shoulder. 
Scapular winging was noted several days later. After 
almost 2 years, it had incompletely resolved despite 
physiotherapy. 

3) An outpatient who received a general anesthetic 
spent about 30 min in the low modification of the 
lithotomy position used by urologists for cystoscopic 
procedures (DC Boals, personal communication). He 
moved himself onto the cystoscopy table. His right 
arm was alongside his trunk and relaxed; the left arm, 
containing the intravenous infusion line, was ex- 
tended on an armboard. The anesthesia and surgery 
were uneventful. At the end of the procedure, he was 
moved to a transport cart and during the recovery 
room stay had no complaint of arm or shoulder pain. 
He returned home and slept for several hours. On 
awakening he experienced right shoulder and upper 
arm pain. Four or five days later, he had an evident 
right long thoracic nerve palsy with winging of the 
right scapula. 

4) The wife of a physician had an uneventful 
general anesthetic and hysterectomy in the supine 
position (RJ Rose, personal communication). No head 
down tilt or shoulder braces were involved. Postop- 
eratively, she developed transient severe right shoul- 
der pain followed by scapular winging. Recovery was 
apparently complete by the 8th postoperative month. 
Of interest is the fact that an offspring subsequently 
developed long thoracic nerve dysfunction secondary 
to wearing a backpack. 

5) A woman received an uneventful general endo- 
tracheal anesthetic to permit a knee procedure while 
in the supine position. She was unresponsive from 
residual anesthesia when transferred to the recovery 
facility and initially needed jaw support to assure her 
airway. After arousal, she complained only of pain at 
the operative site and received minimal analgesia 
before transfer to her hospital room. Some time 
afterward, she experienced pain in her right neck, 
right scapular region, and upper arm; scapular wing- 
ing followed. She subsequently has contended that 
the pain began in the recovery unit although no 
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mention of it exists in the nursing notes. A charge 
was made that fasciculation consequent to the admin- 
istration of intravenous succinylcholine injured the 
long thoracic nerve. 

6) A young parturient had an epidural anesthetic 
administered while in the left lateral decubitus posi- 
tion with her lower extremities flexed to facilitate 
needle placement (2). As she maintained that pos- 
ture, she experienced pain in her right (upside) 
shoulder and neck that disappeared when she was 
returned supine. Anesthesia was adequate and un- 
complicated; delivery was uneventful. The next day, 
while ambulating and combing her hair, she noted 
weakness of her right shoulder with winging of her 
scapula and limited abduction of the right arm. 
Complete recovery occurred with conservative ther- 
apy in 6 months. The patient held the epidural 
anesthetic responsible for her painful upper extrem- 
ity. The obstetrician, however, believed that the 
triggering factor was the postural neck pain that 
occurred briefly in the lateral position and was re- 
lieved by returning supine. 


Pertinent Anatomy and Function 


The long thoracic nerve was first described in 1827 by 
Sir Charles Bell who called it the “external respiratory 
nerve” (3). It arises immediately from spinal roots 
(anterior branches of C-5, 6, and 7) that form the 
brachial plexus. In rare instances, the C-8 root also 
contributes fibers (4). It is long (24-30 cm), un- 
branched until reaching its destination, free of sen- 
sory fibers, and serves as the sole innervation of the 
serratus anterior muscle (Figure 1). 

Horwitz and Tocantins (4) dissected the nerve in 
100 cadavers. The fibers from C-5 and C-6 roots 
usually pass through the substance of the scalenus 
medius muscle to unite with the C-7 component just 
beyond the lateral border of the middle scalene or on 
the surface of the posterior scalene. The C-7 portion 
(and fibers from C-8, if present) runs with the bra- 
chial plexus between the anterior and middle scalene 
muscles until joining the C-5 and 6 contribution. 
(Fibers of C-5 root that innervate the rhomboid also 
pass through the scalenus medius [5] but are not 
components of the long thoracic nerve.) With minor 
variations, the formed nerve then descends beneath 
the brachial plexus, passes close to the subscapular 
and subcoracoid bursae, continues down the antero- 
lateral aspect of the chest wall, and gives off branches 
only to the various digitations of the serratus ante- 
rior. As it crosses the second rib, it lies medial to the 
coracoid process. 
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Figure 1. Left, the course of the long thoracic nerve of Bell from 
roots C-5, C-6, and C-7 of the brachial plexus, emerging between 
the anterior and middle scalene muscles to travel down the chest 
wall to the several slips of the serratus anterior muscle. Upper 
right, caudad view of the upper thoracic cage showing the slips of 
the serratus anterior muscle arising from lateral ribs and inserting 
on the deep surface of the vertebral edge of the scapula. Lower 
right, scapular winging caused by scalenus anterior palsy and 
accentuated by upper extremity being extended ventrally and 
pressed against a vertical surface. 


The serratus anterior is a broad, flat muscle formed 
by multiple digitations arising from the upper eight 
or nine ribs in the midaxillary line and attaching to 
the ventral surface of the scapula along its vertebral 
aspect. Gregg et al. (5) identified three functional 
components of the muscle: 1) A superior cylindrical 
mass that attaches to the superiomedial border of the 
scapula and anchors the arm during its overhead 


rotation. In about 5% of the population (4), a separate 
nerve arises from the C-5 root to innervate this 
portion. 2) A long, thin, wide, intermediate band that 
connects the third, fourth and fifth ribs with the 
vertebral border of the scapula and draws the scapula 
forward. 3) The lower five slips from the sixth 
through the tenth ribs that converge on the lower 
angle of the scapula to rotate the inferior angle of the 
scapula upward and laterally across the chest wall. 
About 5% of the population (4) have separate inter- 
costal innervation for this part of the muscle. 

If the scapula is fixed by holding onto an object or 
by pressing the arms against something, the serratus 
anterior may act as an accessory inspiratory muscle 
by elevating the ribs. This function is evident in 
asthmatics who hold onto a bedrail and in runners 
who bend over and press their arms against their 


LONG THORACIC NERVE PALSY 


thighs to catch their breath after a race (5). It also 
apparently explains the ancient name of the long 
thoracic nerve as the “external respiratory nerve” (3). 

When serratus anterior function is impaired, the 
vertebral border of the scapula protrudes dorso- 
medially (hence the term ‘“winging’’), the shoulder 
droops, and the arm cannot be raised beyond 90° 
when extended laterally. If the arm is used to attempt 
to push the thorax dorsally away from a vertical 
surface (or, as in push-ups, a horizontal one), the 
scapular winging is accentuated. 


Discussion 
Scapular winging was first reported by Velpeau in 
1825 (6). Skillern (7) proposed its surgical correction 
in 1913 and Thorek reported a postoperative occur- 
rence in 1926 (8). Little new information was added 
until 1938 when Horwitz and Tocantins (4,9) dis- 
sected the long thoracic nerve in 100 cadavers. They 
thought that trauma to the nerve was a major etio- 
logic factor in its dysfunction. Distraction of the 
shoulder from the neck (a caudad thrust of the 
shoulder or a contralateral agulation of the head and 
neck, or both) in their specimens put the nerve on 
tension and they recognized the potential for a trac- 
tion injury. Also, they speculated 1) that scalenus 
spasm or injury might compress intramuscular fibers 
of the nerve; 2) that angulation of the nerve trunk as 
it crossed the second rib and its overlying heavy 
musculature might be injurious; 3) that, if the scapula 
was forced medially, the nerve could be trapped 
between the coracoid process and the second rib, 
particularly in the cases in which the nerve roots 
emerged from the posterior border of the middle 
scalene muscle; and 4) that close association of the 
nerve with four bursae (the subscapular, accessory 
subscapular, subcoracoid, and supracoracoid) might 
permit nerve compression if these bursae were in- 
flamed. They commented (4,9) on the possibility that 
prolonged maintenance of the supine position during 
obstetrical procedures and surgical operations, as 
well as by chronically bedridden patients, might 
injure the nerve, particularly if adjacent bursae be- 
come inflamed. They noted that sleeping prone or on 
the contralateral side relieved the shoulder pain. 
They also stated that there were enough morphologic 
variations of the formation and course of the nerve to 
explain why “identical traumata in different individ- 
uals only infrequently result in this lesion.” 

The earliest attention by an anesthesiologist to 
isolated serratus anterior palsy came from Paul 
Lorhan at the University of Kansas. In a surgical 
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journal (10), he noted potential sources of trauma to 
the nerve 1) in the placement of shoulder braces to 
stabilize the Trendelenburg position; 2) in neck and 
arm stress when an unconscious patient is moved 
between operating table and transport cart; and 3) in 
finger pressure on the lateral neck or forced rotation 
of the head to one side when a difficult face or jaw 
configuration complicates the effective fit of an anes- 
thesia face mask. The anesthesia literature itself was 
devoid of reference to the palsy until the report of 
Hubbert in 1988 (2). It was not mentioned in either 
the classic article of Jackson and Keats about injuries 
to the brachial plexus (11) or in a recently revised text 
concerning the positioning of patients for surgery 
(12). 

An early and extensive review of isolated paralysis 
of the serratus anterior muscle by Johnson and Ken- 
dall at Johns Hopkins Hospital appeared in 1955 (13). 
They reviewed 111 cases from the literature and 
added 20 of their own. Eighty-three percent of their 
cases were right sided. In a few instances, the condi- 
tion began painlessly; however, the usual onset in- 
volved aching or burning in the shoulder with 
sharper pain, often intense, radiating down the arm 
and/or around to the scapula. In 24-48 hr, the shoul- 
der was weak and drooped forward, it fatigued 
easily, and scapular winging was evident (worsened 
by push-ups). The antagonistic musculature (rhom- 
boids and pectoralis minor) was tight and frequently 
painful. Their etiologic statistics were 35 with acute 
trauma to the neck and shoulder; 16 with recurrent 
trauma such as sports (archery, tennis) or wearing a 
knapsack; 13 who had exposure to cold; 13 with an 
ongoing or recent infection; 8 who had recent injec- 
tion of serum or drug, possibly an allergic reaction; 7 
who had recent surgery; 6 who had recent obstetrical 
delivery; and 13 who were idiopathic. They noted the 
similarity of their etiologic data to those of other 
isolated neuropathies, like the facial palsy of Bell, and 
speculated on the involvement of a nonspecific “neu- 
ritis.” 

Bora et al. (14) showed that a nerve can be elon- 
gated by as much as 10% of its rest length without 
loss of its function, but that further stretching pro- 
duces neurapraxia (a conduction defect without 
structural degeneration). Anatomic studies by Gregg 
and associates (5) at the University of Pennsylvania in 
1979 revealed the vulnerability of the long thoracic 
nerve to a traction injury. By turning the head of a 
fresh cadaver away from one shoulder and raising the 
ipsilateral arm overhead (a motion common to bowl- 
ing and archery), they could easily double the length 
of the segment of the nerve that lay between its 
points of fixation in the middle scalene muscle and 
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the multiple slips of the serratus anterior. A resultant 
neuropathy was implied. However, they discounted 
muscle spasm of the middle scalene as a cause of long 
thoracic nerve injury because C-5 root fibers to the 
rhomboid also pass through the middle scalene and 
rhomboid dysfunction is not a common component 
of serratus anterior palsy. Gregg’s group also tested 
the proposal that an isolated long thoracic nerve 
injury could be produced by crushing the nerve 
between the clavicle and the second rib but found 
that the maneuver always simultaneously damaged 
the adjacent brachial plexus. 

Foo (15) reviewed 20 cases of scapular winging, the 
majority of which had no definable etiology. He 
discounted the stretched nerve hypothesis, believing 
that a nerve of this length should have acceptable 
elasticity. He also noted that traction injuries of the 
brachial plexus were not invariably involved with 
palsies of the long thoracic nerve. Because of the high 
incidence of idiopathic onsets and the tenuous as- 
sumptions that identified many of the supposed 
causative factors, Foo thought that the most likely 
etiology was “‘neuralgic amyotrophy.” The term had 
been introduced by Parsonage and Turner (16) to 
describe paralytic brachial neuritis in 136 sympto- 
matic military personnel, 30 of whom had isolated 
paralysis of the serratus anterior muscle. In 99 com- 
parable neuropathies examined by Tsairis and asso- 
ciates at Mayo Clinic (17), biopsies of long thoracic 
nerves showed diffuse axonal degeneration. The 
differential diagnosis of neuralgic amyotrophy (18) 
(neuralgia and progressive muscle atrophy) includes 
poliomyelitis, motor neuron disease, diabetic amyo- 
trophy, spinal muscular atrophy, muscular dystro- 
phy, and cervical spondylosis. Its onset is spontane- 
ous and usually painful with flaccid paralysis of the 
involved musculature appearing after about 2 weeks. 
Acceptable degrees of recovery may require up to 2 
years. Apparently there is also a rare familial form of 
neuralgic amyotrophy (19) associated with child- 
hood, short stature, hypotelorism, cranial nerve pal- 
sies, and a tendency to recur. Foo (15) also noted that 
adequate explanations were not available either for 
the predilection for neuralgic amyotrophy to involve 
the upper branches of brachial plexus or for its right- 
sided predominance even in left-handed people. 

Say and Donegan (20) reported a 10% occurrence 
of long thoracic nerve palsy after its operative expo- 
sure during radical mastectomies and Pugliese et al. 
(21) added an unusual occurrence of onset of dys- 
function of the nerve after radiation therapy. Rarely a 
congenital absence of the serratus anterior results in 
an alar scapula at an early age (22). 

Opportunities certainly exist perioperatively for 


the occurrence of trauma to the long thoracic nerve 
(cases 1 and 6, concerning the neck in the lateral 
position) even when the surgical procedure involves 
another anatomic location. Suggestions made by 
Lorhan in the mid-1940s are still valid (10). Move- 
ment of a patient onto and off of the operating table 
may contribute to nerve injury. In light of the possi- 
bilities for traumatic long thoracic nerve palsy, one 
wonders why the malady is so infrequent. Neverthe- 
less, the lack of information about the issue among 
senior anesthesiologists (DC Boals, personal commu- 
nication) emphasizes the fact that, with usual and 
acceptable patient care, the odds are so great against 
encountering an episode of isolated long thoracic 
nerve dysfunction due to perioperative trauma that 
statistical assessment and accurate definition of the 
moment of injury is virtually impossible. 

It is also possible to have a postoperative personal 
act by the patient implicated etiologically (case 3 in 
which the patient slept at home after surgery and 
awakened with the initial episode of arm pain). 

Injury to those fibers of the long thoracic nerve 
that pass through the middle scalene muscle has been 
alleged to be due to fasciculations that occur during 
the onset of a depolarization block of the myoneural 
junction. That this is not probable is indicated by the 
fact that fibers to the rhomboid also pass through the 
middle scalene muscle, although rhomboid paralysis 
is not part of the findings in long thoracic nerve 
palsy. 

An examination of the literature regarding the 
speculated causes of isolated long thoracic nerve 
palsy raises questions about the validity of some of 
the assumptions. Why should exposure to cold (13 of 
111 of the Johnson and Kendall cases [13]) result in a 
single nerve lesion, and why this nerve? Why should 
a recent injection of a serum or drug (8 of 111) cause 
the specific mononeuropathy when other indexes of 
“allergic reactions” were apparently not evident? If 
the idiopathic group (13 of 111) is added to these 
contemplations, 30% of the cases (13 + 13 + 8 = 34 of 
111) in that reported series (13) have uncertain etiol- 
ogies. The potential for a time-related and coinciden- 
tal neuropathy becomes apparent from these ques- 
tions and must be factored into any discussion of 
etiology caused by a specific event. Consider the 
hypothetical situation in which an otherwise healthy 
gentleman purchases a new suit and dons it to visit a 
client. During the interview, he becomes aware of the 
early signs of Bells palsy of his facial nerve. Is the 
etiologic agent the suit? Is it the client? Or is the 
example yet another instance of an idiopathic onset of 
a neuropathy of uncertain etiology? Although not 
negating the potential for perioperative trauma to the 
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LONG THORACIC NERVE PALSY 


long thoracic nerve, the parallel between that sce- 
nario and the postoperative appearance of palsy of a 
long thoracic nerve is valid. The parallel also supports 
the presumption of Foo (15) about neuralgic amyo- 
trophy. 


Conclusions 


Isolated palsy of the serratus anterior muscle due to 
dysfunction of the long thoracic nerve is so rare that 
it is poorly understood and is open to faulty etiologic 
conclusions. For undetermined reasons, the palsy 
usually involves the muscle and nerve on the right 
side. A familial susceptibility may exist. Appropriate 
therapy can aid recovery. In most instances, nontrau- 
matic forms of the palsy improve or resolve com- 
pletely in 6 to 24 months with conservative treatment. 

Neck trauma, such as an acute blow to the area of 
the middle scalene muscle, lateral angulation of the 
neck away from the affected shoulder, or forced 
caudad motion of the shoulder, has the potential to 
contuse or stretch the long thoracic nerve and cause 
an isolated palsy of the serratus anterior muscle. 

A traction injury to the brachial plexus does not 
necessarily involve the long thoracic nerve. Similarly, 
an injury to the long thoracic nerve can occur without 
damage to the brachial plexus. Spasm or fascicula- 
tions of the middle scalene muscle are unlikely causes 
of long thoracic nerve palsy. 

The lateral decubitus position has been associated 
with serratus anterior palsy, perhaps because of the 
upside long thoracic nerve being stretched by lateral 
angulation of the neck and head away from the 
upside shoulder. 

The supine and lithotomy positions have been 
associated with serratus anterior palsy after surgery, 
delivery, and prolonged bed rest. A definite cause is 
obscure and the contribution of bursitis about the 
shoulder to compression of the nerve is speculative at 
best. 

By exclusion, and by etiologic inference, evidence 
exists for the presence of an independent neuropathy 
in a significant proportion of cases of long thoracic 
nerve palsy. This fact implies that the onset of the 
condition could be unrelated to, but coincidental 
with, a carefully conducted and uneventful anes- 
thetic, operation, or delivery. Importantly, recogni- 
tion of that fact frees the surgeon, obstetrician, and 
anesthesiologist from automatic presumptions of 
having negligently inflicted an injury on a patient 


ANESTH ANALG 619 
1989;69:614-9 


should such a postoperative or postpartum palsy 
occur. 
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One hundred healthy parturients were dtvided at random 
into two demographically similar groups and were posi- 
tioned for cesarean section either horizontally or flexed 5 to 
10° head up, with a 15° lateral tilt. A Doppler ultrasound 
transducer was positioned over the fourth intercostal space 
parasternally. Initially, two patients received spinal, three 
general, and 95 epidural anesthesia. Two patients subse- 
quently needed general for failed epidural anesthesia. 
Changes in Doppler heart tones (>15 sec duration) indic- 
ative of venous air embolism (VAE) were identified 15 times 
in 11 patients—seven in supine and four in head-up 
patients (no statistically significant difference). Six awake 


Venous air embolism (VAE) occurs not infrequently 
during cesarean section (1,2). Though usually covert, 
VAE is nevertheless a potentially lethal obstetric 
complication (3,4). During cesarean section, the pa- 
tient is usually supine with a 15° left lateral tilt. In this 
position, the heart is situated 10 to 15 cm below the 
uterus. As a result, a subatmospheric or “negative” 
venous pressure gradient exists between the right 
atrium and the uterine incision. If a head-down tilt is 
added, the venous pressure gradient may increase 
and thus magnify the risk of VAE. 

Air bubbles as small as 0.1 mL in volume can be 
detected using a Doppler ultrasound transducer (5- 


Received from the Department of Anesthesiology, The Univer- 
sity of Texas Health Science Center, San Antonio, Texas. Accepted 
for publication June 22, 1989. 

Address correspondence and reprint oe a to Dr. John W. 
Downing, Department of Anesthesiology, The University of Texas 
Health Science Center, 7703 Floyd Curl Drive, San Antonio, Texas 
78284-7838. 


©1989 by the International Anesthesia Research Society 


patients (three horizontal, three head-up) developed chest 
tightness or pain during surgery, but only one episode 
correlated with VAE. No patient developed breathlessness. 
Moderate hypotension (>10% decrease in systolic arterial 
pressure [SAP]) occurred in seven of 11 (63.6%) patients 
with, and in 26 (29.2%) of 89 patients without, VAE (P < 
0.001). More severe hypotension (SAP <90 mm Hg) due to 
bleeding occurred once. We conclude that a modest (5-10°) 
head-up position does not influence the occurrence of VAE 
in patients having cesarean section. An 11% incidence of 
clinically insignificant VAE, although low. is still worri- 
some, as even small air bubbles tn the circulation are 
potentially harmful, especially if the foramen ovale is 
patent. VAE during cesarean section saould be anticipated 
and the anesthetic management planned accordingly. 


Key Words: ANESTHESIA, ossrerric—cesarean 
section. EMBOLISM, arr——-cesarean section. 


7). This sophisticated, sensitive, noninvasive, and 
safe monitor is employed extensively in neurosurgery 
and other circumstances where VAE is a special 
hazard, for early detection of atr bubbles in the heart 
(7). More recently, Doppler ultrasound studies have 
demonstrated a high incidence of VAE associated 
with cesarean section, 52% in one study (1) and, in 
another, 71% of patients having general and 39% 
receiving epidural anesthesia (2). 

This study investigated the occurrence of VAE 
during cesarean section in our own practice and 
tested the prophylactic value of 5 to 10° head-up 
patient tilt during surgery as a means of reducing the 
risk of VAE. Head-up tilt should, in theory, diminish 
or eliminate the prevailing “negative” venous pres- 
sure gradient between the heart and uterus. The 
study was conducted in a randomized fashion with 
both written informed patient consent and institu- 
tional review board approval. 
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VENOUS AIR EMBOLISM DURING CESAREAN SECTION 


Patients and Methods 


One hundred healthy, normovolemic parturients 
presenting for either elective or emergent, but not 
immediate, cesarean section at term were the subjects 
of this study. Every patient had 30 mL of 0.3 M 
sodium citrate, intravenous (IV) metoclopramide 10 
mg, and ranitidine 50 mg before transfer to the 
operating room. All patients were given 500 to 1000 
mL of lactated Ringer's solution intravenously 15 to 
30 min before the induction of anesthesia. 

In 95 patients epidural anesthesia was induced 
after identification of the epidural space at the L2-3 or 
L34 level using an 18-gauge Touhy epidural needle. 
A 23-gauge epidural catheter was inserted through 
which incremental doses of lidocaine 2% with 1: 
200,000 epinephrine, bupivacaine 0.5% plain, or 3% 
2-chloroprocaine without epinephrine were injected. 
A sensory blockade level of T2—4 was achieved before 
surgery began. More of the same local anesthetic was 
administered when necessary to prolong anesthesia. 
All patients receiving epidural anesthesia breathed 
oxygen-enriched air. 

In two patients spinal anesthesia with 1% tet- 
racaine injected through a 25-gauge spinal needle 
was used. In five other patients general anesthesia 
was given-——in three because of lack of time to estab- 
lish regional anesthesia, and in two because epidural 
blockade failed. General anesthesia consisted of rapid 
sequence induction with injection of thiopental (3.5 
mg/kg) and succinylcholine (1 mg/kg) followed by 
tracheal intubation. Anesthesia was maintained with 
50:50 nitrous oxide in oxygen plus 0.8% isoflurane. 
Muscle relaxation was provided by injecting vecuro- 
nium 0.05 mg/kg intravenously. 

After delivery, anesthesia was supplemented in- 
travenously with fentanyl 50 to 200 ug. All patients 
received an IV infusion of oxytocin 40 IU in 1000 mL 
lactated Ringer’s solution after delivery. 

Every patient was operated upon in a 15° left 
lateral tilt position. Fifty patients were horizontal and 
50 flexed 5 to 10° head up according to a random 
numbers table. Maternal arterial blood pressure was 
measured and recorded every 3 to 5 min using an 
automated oscillotonometer (Datascope Accutor 
model 1A). Maternal systolic arterial blood pressure 
was kept above 100 mm Hg by IVI ephedrine 5 to 10 
mg when necessary. Electrocardiogram (Hewlett 
Packard 78534C monitor/terminal) and pulse and 
oxygen saturation (Omheda Biox 3700 pulse oxime- 
ter) were monitored continuously. Patients given 
general anesthesia had inspired oxygen and end-tidal 
carbon dioxide concentrations measured throughout 
anesthesia using a multigas analyzer (Datex 254 Air- 
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way Gas Monitor). Patient temperatures were moni- 
tored continuously (Mon-a-therm model 650U). By 
protocol, no direct questions regarding patient dis- 
comfort were asked during the procedure. However, 
unsolicited comments concerning chest tightness or 
pain, shortness of breath, or other symptoms were 
recorded. Times of exteriorization of uterus and hy- 
potension were noted. 

A noninvasive Doppler ultrasound (Versatone Me- 
diasonics model D-8) transducer was placed initially 
over the fourth intercostal space parasternally. Opti- 
mum positioning was checked by the response to an 
IV bolus injection of 10 ml normal saline. The trans- 
ducer was moved as needed in order to obtain the 
best audible Doppler signal. A positive change in 
Doppler heart tone indicative of VAE was defined as 
occurrence of “broken up” roaring change in the 
rhythmic “swishing” sound of the normal precordial 
Doppler signal lasting 15 sec or longer (1). Intrave- 
nous injections of medication were noted while ob- 
serving the change in the Doppler signal. This served 
two purposes: it eliminated “false” positive Doppler 
signals unassociated with VAE, and reconfirmed 
proper positioning of the Doppler transducer. Ultra- 
sound output was recorded continuously on a tape 
recorder for later review. 

Statistical analyses included Student's t-test and 
the x test with Yates’ correction for statistical analy- 
ses of parametric and nonparametric data, respec- 
tively. 


Results 


The two randomized study groups (horizontal vs 
flexed 5 to 10° head up) were demographically com- 
parable with regard to age (25.5 + 0.6 vs 25.5 + 0.7 
years), height (59.9 + 1.7 vs 61.1 + 1.2 cm), weight 
(181.9 + 8.4 vs 178.8 + 6.4 kg), gestation (39.4 + 0.3 
vs 39.3 + 0.4 weeks), and parity (1.6 + 0.2 vs 1.4 + 
0.2). Fifteen episodes of VAE as defined by protocol 
were identified in 11 patients. In four patients VAE 
was detected more than once. Of the 11 VAE- 
“positive” subjects, seven were horizontal and four 
head-up (no statistically significant difference). 

An additional eight patients had brief changes in 
Doppler heart tones equivocal in nature and lasting 
less than 15 sec (five horizontal and three head-up). 
These eight subjects were considered not to have had 
VAE as defined. 

Concerning the 11 VAE-“positive” patients, of the 
15 episodes of VAE recorded, three (27%) occurred 
with uterine incision, two (18%) in association with 
fetal delivery, eight (73%) during placental extrusion, 
and two (18%) during uterine repair. 
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Nine (9.5%) of the 95 patients given regional 
anesthesia (eight epidural and one spinal) and two 
(40%) of the five patients receiving general anesthesia 
developed VAE. Seven of the 11 patients with VAE 
were horizontal (five epidural, two general) and four 
were head-up (three epidural, one spinal). 

No patient felt breathless, but six (55%) volun- 
teered that they felt tightness of the chest. Only one 
of these six had VAE. Of these, three were horizontal 
and three head-up. One-third of the 100 subjects 
studied developed modest levels of clinical hypoten- 
sion (<100 but >90 mm Hg systolic arterial pressure). 
Seven of the 33 hypotensive episodes occurred in the 
11 VAE-“positive” patients, an incidence of 64% 
(seven of 11 patients) vs 29% (26 of 89 patients) in 
subjects without evidence of VAE (P < 0.001). Only 
one patient developed a systolic blood pressure less 
than 90 mm Hg due to bleeding, not VAE. No patient 
developed oxygen desaturation (percent oxyhemo- 
globin saturation <95%). 


Discussion 


The incidence of VAE during cesarean section re- 
ported in the anesthetic literature is disturbingly high 
(1,2). In one study, an overall 52% incidence of VAE 
(46 of 89 patients) was reported. Air was detected in 
the heart by Doppler sonography in the 46 VAE- 
“positive” subjects during hysterotomy (74%), at the 
time of delivery (2%), during placental extrusion 
(13%), and with uterine repair (11%) (1). Twenty-four 
of the 46 (52%) patients complained of chest pain in 
association with VAE, and dyspnea was reported by 
nine (20%). Eight of these subjects complained of 
Shortness of breath, too. Somewhat surprisingly, 
there were no changes in vital signs noted during 
these episodes of chest pain and/or dyspnea with 
VAE. 

Another similar study reported VAE incidences of 
71% (10 of 14 patients) and 39% (50 of 129 patients) 
delivered by cesarean section under general anesthe- 
sia and epidural analgesia, respectively (2). In 18 of 
the patients in this investigation, both precordial 
Doppler monitoring and echocardiography were 
used simultaneously. Five of the 18 patients (28%) 
had evidence of VAE, there being excellent correla- 
tion between the two methods for air embolus detec- 
tion. VAE was diagnosed more than once in a num- 
ber of patients. Relationships between surgical events 
and VAE during general and regional anesthesia, 
respectively, were: before uterine incision—10% and 
26%; at uterine incision—30% and 26%; with delivery 
of the baby—O% and 6%; in association with placental 
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extrusion—30% and 26%; during uterine closure— 
90% and 34%; and after the uterus was sutured— 
10% and 8%. 

Oxygen desaturation (<95%) was associated with 
VAE in 20% of parturients given general anesthesia 
and in 8% given regional anesthesia. Only one pa- 
tient in the group given an epidural anesthetic (1 of 
129 patients, or 0.78%) developed chest pain and 
dyspnea with ventricular tachycardia, a marked de- 
crease in oxygen saturation, and hypotension in 
association with VAE. 

Cardiac arrest and death have followed VAE dur- 
ing cesarean section (3,4). It is estimated that VAE 
causes 1% of maternal deaths, an incidence compa- 
rable to that due to pulmonary aspiration of acid 
gastric content with or without failure to intubate the 
trachea (8). The latter complications have generated 
great interest among practicing obstetric anesthesiol- 
ogists, often featuring in the anesthetic literature. 
This contrasts with the infrequent mention of, or 
emphasis on, the problem of VAE during cesarean 
section, despite repeated historical references to it (9). 

We were unable to substantiate the high incidence 
of “definite” VAE reported by others (1,2). Nonethe- 
less, if more than a tenth of patients undergoing 
cesarean section suffer detectable and sometimes 
multiple episodes of VAE, it is an important and 
disturbing clinical complication worthy of attention. 
Our results also differ from those of others with 
regard to times at which VAE occurred during cesar- 
ean section (1,2). Our highest incidence of VAE 
occurred with placental delivery (73%) rather than 
during hysterotomy (27%) or uterine closure (18%). 
Our findings in this regard were not unexpected, as 
shortly after placental separation large uterine si- 
nuses lie exposed, open, and therefore vulnerable to 
air entry from a now empty uterus. Patient symptoms 
indicative of VAE and cardiopulmonary compromise 
were less troublesome and of little practical impor- 
tance in the present report when compared to other 
studies. However, easily reversible and clinically in- 
consequential hypotension was not uncommon, es- 
pecially with VAE. More severe hypotension was not 
seen. 

Despite our findings of a relatively low incidence 
of VAE (11%) and lack of clinically significant cardio- 
pulmonary symptoms and signs with VAE, there 
seems to be little room for complacency. Efforts to 
alleviate the risk of VAE by eliminating the ‘‘neg- 
ative” venous pressure gradient between the heart 
and uterus using a 5 to 10° head up tilt proved 
unsuccessful, however. Perhaps a greater degree of 
head-up flexion would have been more effective, but 
this maneuver could interfere with surgical exposure. 
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Our results suggest that VAE occurs quite frequently 
but, fortunately, usually without major associated 
clinical signs and symptoms indicative of cardiopul- 
monary compromise. Although lethal VAE is rare in 
obstetrics, even small air bubbles in the circulation 
threaten patients with patent foramen ovale, a not 
uncommon abnormality (10-12). This fact should be 
borne in mind during cesarean section, and the 
anesthetic management should be planned accord- 
ingly. 

Routine monitoring for VAE using Doppler ultra- 
sound would seem wise, especially for patients likely 
to have a low central venous pressure, which predis- 
poses them to significant VAE. Patients who are 
dehydrated due'to prolonged labor or as a deliberate 
policy in the management of severe preeclampsia 
may be especially at risk, as may patients with 
compensated hemorrhagic shock. In these situations 
a multiorifice Albin-Bunegin central venous catheter 
should be used to allow rapid and effective removal 
of air from the central circulation (13,14). Epidural 
and spinal anesthesia without adequate volume pre- 
loading of the circulation could in theory also pre- 
dispose toward VAE by lowering central venous 
pressure and increasing the right atrial to uterine 
“negative’’ venous pressure gradient. However, the 
study by Fong et al. indicates that parturients are at 
greater risk of clinically significant VAE under gen- 
eral anesthesia. This was also the trend in the present 
study and could be attributed to generous “volume 
preloading” prior to induction of epidural anesthesia. 

In conclusion, we advise that the problem of VAE 
during cesarean section be taken at least as seriously 
as that of pulmonary acid aspiration and failed tra- 
cheal intubation. Further research is indicated to 
define more clearly those women at particular risk of 
serious VAE. Although we believe that our own 
obstetricians differ little from obstetricians in general 
with regard to operating methods and abilities when 
compared to their peers in other similar institutions, 
the contribution of different surgical techniques to the 
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incidence of VAE also requires elucidation. Obstetri- 
cians and obstetric anesthesiologists alike should be 
both alert to the possibility of VAE occurring during 
cesarean section and prepared to deal with the prob- 
jem. 
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A subparalytic dose (0.015 mg/kg) of vecuronium bromide 
was administered to matched pairs of patients undergoing 
routine dental surgery under enflurane-nitrous oxide/ 
oxygen anesthesia either as a rapid bolus injection or as a 
slow infusion over 5 min. It was demonstrated that bolus 
injection produced peak plasma levels of drug considerably 


It can be anticipated that, following a slow infusion of 
vecuronium, the peak plasma level of drug would be 
lower than that achieved when the drug is adminis- 
tered as a rapid bolus injection. As a result, both the 
time to maximum block and the degree of neuromus- 
cular block would be affected. This study was per- 
formed to determine the extent to which these pa- 
rameters are affected by the different modes of 
administration. 


Methods 


In order to recognize the effect of small differences in 
receptor occupancy anticipated in this study, it was 
necessary to use subparalytic doses of vecuronium 
(1). In a pilot study it was found that in healthy 
young adults anesthetized with nitrous oxide/oxygen 
(N,O/O,) and 1.5% enflurane, a dose of 0.015 mg/kg 
produced an approximately 50% depression of T}. 
This dose of drug was therefore used in this trial. 
Thirteen pairs of fit young adults (ASA physical 
status I) presenting for removal of wisdom teeth 
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greater than those following slow infusion. Time to maxi- 
mum block was more rapid following bolus (368 + 84 [sp] 
sec) than by infusion (615 + 88 sec), but the maximum 
block produced, either demonstrated by the reduction in 
amplitude of T; from control or the T,:T, ratio on the 
integrated electromyogram (Datex IEMG), was similar in 
each group irrespective of rate of injection, T, and T, 
referring to the first and last twitch in a train of four series. 


Key Words: NEUROMUSCULAR RELAXANTS, 
VECURONIUM. 


under general anesthesia were studied. Each pair was 
of similar age and weight. All patients were premed- 
icated with papaveretum and hyoscine prior to sur- 
gery. Anesthesia was induced with thiopental (4 to 5 
mg/kg) through an indwelling cannula on the dorsum 
of the hand. The cannula was flushed with saline 
between injections. Anesthesia, with the patient 
breathing spontaneously, was maintained with N30, 
O,, and enflurane 1.5%. After steady state anesthesia 
was established, an integrated electromyogram 
(Datex IEMG) was attached and basal readings ob- 
tained. The vecuronium was mixed freshly and made 
up to a concentration of 0.1 mg/mL for each pair of 
patients in the study. One patient in the pair was 
allocated, at random, to receive vecuronium (0.015 
mg/kg) by rapid bolus injection and the other the 
same dose by slow infusion over 5 min. 

The IEMG was continuously recorded and the time 
to maximum depression of T,, the percentage depres- 
sion of T,, Ty, and the T,:T, ratio, relative to baseline 
values, were recorded for each patient. In order to 
elicit these values, the ulnar nerve was stimulated 
supramaximally with repeated “train of four” stimuli 
(2 Hz for 2 sec at 20-sec intervals) using surface 
electrodes at the wrist. The evoked compound elec- 
tromyogram of the adductor pollicus muscle was 
recorded with the Datex Relaxograph. 

Blood was sampled from the opposite antecubital 
vein at 1-min intervals for the measurement of 
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Figure 1. Plasma concentration (mean + sp g/mL) of vecuronium 
as a function of time in minutes following the IV bolus injection of 


0.015 mg/kg. 


plasma vecuronium levels in four patients receiving 
rapid bolus injection and at 2-min intervals in four 
patients receiving the slow infusion of vecuronium. 
The samples were analyzed at Gronigen University 
using a standard flurometric technique (2). 

This study was approved by the Westminster 
Hospital Ethical Committee, and informed consent 
was obtained. Wilcoxon ranked paired t-test was the 
statistical method used. 


Results 


The plasma levels of vecuronium in the two groups of 
patients are shown in Figures 1 and 2. The large 
standard deviation of the peak plasma levels seen 60 
sec after rapid injection reflects the well-documented 
difficulty of measuring blood concentration of a drug 
when it is changing rapidly (3). Because of this, the 
peak plasma level of vecuronium recorded must be 
less than that actually reached in these patients. At 
the end of 4 min the mean plasma levels in both 
groups of patients were approximately 2.25 ug/mL, 
whereas in the bolus injection group the mean peak 
plasma level at 1 min was 5.8 g/mL. 

The times to onset of maximum T, depression in 
the two groups of patients were significantly different 
(Table 1): in the bolus group 368 + 84 (sp) sec and in 
the infusion group 615 + 88 sec, a statistically signif- 
icant difference. 

Despite the different peak plasma concentrations, 
the mean of the depression of T; achieved in both the 
bolus and the infusion group was identical at 31% of 


ANESTH ANALG 625 
1989;69:624-6 
0.9 
— 08 
£ 
3 0.7 
T o5 
5 
O 0.4 
<= 
Q 0.3 
< 
% 0.2 
a 0.1 
0.0 
2 4 6 8 
TIME (minutes) 


Figure 2. Infusion of vecuronium. Plasma concentration (mean + 
sp g/mL) of vecuronium as a function of time in minutes follow- 
ing the IV infusion of 0.015 mg/kg over 5 min. 


the control (bolus 31 + 22, infusion 31 + 23). The 
maximum depression of T, in both groups was also 
identical (68 + 15% in the bolus group 68 + 20% in 
the infusion group). There was no significant differ- 
ence in the T,:T, ratio between the two groups. 

It can be seen from Table 1 that although there is 
scatter in the mean figures for the amount of block 
within each group, if one studies each pair of patients 
there is generally a good correlation. As the vecuro- 
nium was made up anew for each pair, any minor 
discrepancy in dissolving and diluting the powdered 
drug would be reflected in differences between pairs 
rather than within pairs of patients. At the dose level 
of vecuronium used, very small variations in the log 
of the plasma concentration would result in large 
changes in receptor occupancy (4). When this is taken 
into account, the constancy of the results is good. 


Discussion 


In this study an EDs, dose, as determined by the 
difference between control and 100% block on an 
TEMG, was given either as a bolus or as an infusion. 
This resulted in a 2.5-fold difference in peak plasma 
concentration and a significant difference in the time 
to maximum blockade. There was no difference in the 
degree of blockade as assessed by either the percent- 
age reduction in T} or the T,:T, ratio as measured by 
TEMG. 

It has keen suggested that low cardiac output 
states might influence the rate of uptake of intrave- 
nously administered drugs (5,6). In this study this 
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Table 1. Times to Onset of Maximum Block in Patients Given Vecuronium by Bolus and by Infusion 


Bolus 
Want. ee Time to 
Pair (kg) Ty Ti TT, ratio maximum block 
1 52 5 34 0.69 313 
2 56 16 78 0.26 270 
3 58 23 63 0.48 450 
4 68 62 89 0.28 345 
5 70 28 82 0.25 342 
6 60 3 51 0.50 424 
7 50 73 80 0.74 295 
8 56 15 57 0.50 442 
9 64 28 64 0.50 540 
10 66 32 72 0.41 340 
11 48 55 70 0.66 290 
12 56 21 60 0.51 457 
13 88 45 80 0.36 280 


FELDMAN ET AL. 
Infusion 
Weight dean Time to 

Pair (kg) T; 4 TT- ratio maximum block 
1 58 5 35 0.68 708 
2 70 13 43 0.65 628 
3 62 13 36 073 694 
4 58 71 87 0 44 498 
5 61 25 72 0 37 760 
6 74 35 80 0 30 575 
7 60 20 70 0 38 671 
8 55 21 59 0 51 514 
9 68 8 66 0 36 678 
10 17 67 0 39 570 
11 65 93 0 20 585 
12 — 64 94 016 655 
13 78 46 89 0 20 470 


In each pair one patient was given 0.015 mg/kg vecuronium by bolus, the other by infusion. The percentage change in T}, Ty, and the T,:T, ratio is recorded, 
as is the time in seconds to maximum block. Wilcoxon rank paired t-test was used to compare the two groups. T,, P = 0.97; Ty. P = 1.0; T,:T, ratio, P = 0.43; 


time to maximum depression, P = 0.0002. 


condition was simulated by an infusion of vecuro- 
nium. As anticipated, this produced a lower plasma 
level compared to rapid bolus injection (7), but no 
difference was demonstrated in the degree of neuro- 
muscular block produced. This suggests that the peak 
plasma levels correlate poorly with clinical effect, as 
has been reported previously (5,8). The failure of the 
neuromuscular block to reflect the peak plasma levels 
indicates a slow equilibration between the plasma 
and the receptor. This is consistent with the presence 
of a “biophase” described in pharmacokinetic models 
(5,8,9) but not previously demonstrated clinically. 

In this study the plasma levels in the bolus group 
at 3 to 4 min were similar to those in the infusion 
group. This may indicate the “biophase transit time,” 
which includes the time for diffusion from the blood 
into the synaptic cleft and the time for receptor 
occlusion. If truly rapid-onset nondepolarising neu- 
romuscular blocking agents are to be developed, this 
biophase delay must be overcome. 
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The trachea and esophagus of 21 patients were simulta- 
neously intubated to comparatively evaluate methods for 
detecting esophageal intubation. In succession, the trachea 
and esophagus were ventilated with the same inspiratory 
volume of 621 + 45 mL (mean + sp). Carbon dioxide 
(CO,) levels, volumes, and temperatures of expired gas 
were measured from the tracheal and esophageal tubes. 
End-expired CO, levels of gases from the trachea and 
esophagus were 4.9 + 0.7% and 0.6 + 0.6%, respectively, 
with CO, waveforms observed in 7 (33%) patients with 
esophageal intubations. Volumes expired from the tracheal 


tube averaged 615 + 64 mL and from the esophageal tube 
35 + 16 mL (P < 0.001). Peak temperatures of expired gas 
recorded from the tracheal tube (32.0 + 0.73°C) were higher 
than those from the esophageal tube (27.3 + 1.2°C) (P < 
0.001). The shape of temperature waveforms with a cor- 
rectly placed tracheal tube remained constant with each 
ventilation, contrary to that obtained from an esophageal 
tube. Although the occasional detection of CO, waveforms 
from an esophageal tube might lead to an incorrect assess- 
ment of tube placement, this limitation of CO, analyzer can 
be offset by measurement of volume and temperature of 
expired gas in identifying placement of an endotracheal 
tube. 


Key Words: INTUBATION, TRACHEAL. 
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Tracheal intubation is routinely performed to main- 
tain and protect the airway during anesthesia or 
cardiopulmonary resuscitation. A major concern is 
the occasional failure to identify an esophageal intu- 
bation, a failure that may lead to irreversible brain 
damage or death (1-5). Of the available methods to 
identify correct placement of the tracheal tube, meas- 
urement of end-expired carbon dioxide (CO,) is the 
most reliable, popular, and convenient (6). However, 
Linko et al. (7) observed end-expired CO, levels as 
high as 4.9% with an esophageal intubation when 
expired gas was deliberately introduced into the 
esophagus to simulate conditions during difficult 
ventilation with use of a face mask. In a recent case 
report (8), apparently normal appearing CO, wave- 
forms were observed after an esophageal intubation. 
These reports suggest that if enough alveolar gas is 
inadvertently introduced into the esophagus/stomach 
during ventilation by face mask, normal appearing 
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CO, waveforms can be observed during esophageal 
ventilation. Also, during cardiopulmonary resuscita- 
tion, when blood flow to the lungs may be poor, 
there may be little CO, delivery and, hence, a false 
impression of esophageal intubation if the CO, ana- 
lyzer is relied on exclusively. Because of this limita- 
tion of the CO, analyzer in identifying the correct 
placement of the endotracheal tube, new methods are 
needed to improve or complement the CO, analyzer 
for the detection of esophageal intubation. One ap- 
proach is to measure expired gas variables, including 
volume and temperature, to determine whether they 
can be used to distinguish between tracheal and 
esophageal intubation. 

The aim of this study was to investigate whether 
measurement of volume and temperature of expired 
gas would complement CO, waveforms in assessing 
the correct placement of tracheal tubes. 


Methods 


Twenty-one ASA physical status I and II patients 
without history of esophageal or gastric pathology 
were studied after securing informed written consent 
and approval by the University Human Research 
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Figure 1. A diagramatic representation of the measuring equip- 
ment attached between the endotracheal tube and the breathing 
circuit. 


Review Committee. Patients with abnormal upper 
airway anatomy or those suspected of having difficult 
airways were excluded from the study. 

All patients arrived in the operating room unpre- 
medicated. After placement of intravenous cannula, 
electrocardiographic (ECG) electrodes, blood pres- 
sure cuff, and pulse oximetry probe, anesthesia was 
induced with fentanyl 3.0 wg/kg and sodium thiopen- 
tal 4-5 mg/kg IV. The patient’s lungs were hand- 
ventilated with use of a face mask with tidal volume 
of approximately 500-600 mL of 1-2% isoflurane in 
oxygen 10 times per minute. After ascertaining that 
the airway was patent, patients were paralyzed with 
either vecuronium 0.1 mg/kg or atracurium 0.5 mg/ 
kg. Three minutes after the administration of muscle 
relaxant, the trachea and esophagus were simulta- 
neously intubated with 7.5-mm endotracheal cuffed 
tubes and the cuffs inflated with up to 10 mL air. The 
tracheal tube was attached to a mechanical ventilator 
set to deliver a tidal volume of 8 mL/kg 10 times per 
minute. Anesthesia was maintained with 1-2% iso- 
flurane in oxygen. 

Once a steady state of anesthesia was achieved, 
equipment consisting of a port for measuring level of 
CO, (Beckman LB I), a Fleisch pneumotachograph, 
and a thermocouple were placed between the tra- 
cheal tube and the Y connector of the circle system 
(Figure 1 and Appendix). After recording data during 
three ventilations of the lungs (total duration = 18 
sec), the circle system with measuring equipment 
was switched to the esophageal tube and three fur- 
ther “ventilations,” with the setting on the ventilator 
unchanged, were administered. The fresh gas flow 
was set at 8 L/min during the experiment to assure 
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that the bellows of the ventilator were fully inflated 
after each esophageal “ventilation.” After esophageal 
“ventilation,” the circle system and measuring equip- 
ment were switched back to the tracheal tube for 
normal lung ventilation, and the patient’s stomach 
was deflated with an oral gastric tube passed through 
the esophageal tube. To simulate an incompetent 
gastroesophageal sphincter, the gastric tube was cut 
at the level of the connector of the esophageal endo- 
tracheal tube in 13 patients, and three further “ven- 
tilations” were again administered with the circle 
system and measuring equipment connected to the 
esophageal tube with the cut gastric tube in situ. 
Anesthesia was continued after measuring equip- 
ment and esophageal tube were removed. The oral 
gastric tube was removed after the stomach was 
deflated. 

During ventilation of the tracheal and esophageal 
tubes, CO, and temperature of expired gas were 
recorded with linear penwriter and data obtained 
from volumes exhaled were digitized and stored on 
floppy disk with use of an IBM personal computer. 

Statistical analysis was performed with paired t- 
test. P < 0.05 was considered statistically significant. 
The results are given as mean + sp. 


Results 


Ventilation with face mask was easily maintained in 
all patients and peak inspiratory pressure did not 
exceed 25 cm H,O to maintain adequate ventilation as 
measured by end-expired CO,. The volumes exhaled 
and the temperatures and CO, waveforms of expired 
gas were easily recorded from both the tracheal and 
esophageal tubes. A good cuff “seal” was difficult to 
achieve with esophageal intubation and leaks were 
still present even when volumes as large as 10 mL 
were introduced into the cuff. The duration of the 
experiment was approximately 3 min; arterial oxygen 
saturation never decreased below 98% in any patient. 

The end-expired CO, of gas from the trachea 
averaged 4.9 + 0.7%. In 7 (33%) patients, CO, wave- 
forms were recorded from the esophageal tube. The 
shape of CO, waveform obtained with esophageal 
intubation was similar to that obtained with tracheal 
intubation, but the mean level was significantly lower 
at 0.6 + 0.6% (P < 0.001). The highest expired CO, 
level recorded from the esophageal tube was 2.0% 
(second “ventilation” in case No. 17). The first and 
third “ventilation” in the same patient had a CO, 
level of 1.6% and 1.8%, respectively (Figure 2). The 
end-expired CO, level from the tracheal tube in the 
game patient was 5.2%. 
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Figure 2. CO, waveforms of expired gas g“ 
with tracheal and esophageal ventilation in = 
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Table 1. Peak Expiratory Temperatures and Volumes Recorded with Tracheal and Esophageal Ventilation (Mean + sp) 


Tracheal ventilation Esophageal ventilation (EV) EV with gastric tube 
Breaths 1 2 3 1 2 3 1 2 3 
n 13 13 13 13 13 13 13 13 13 
Volume 621 + 45 630 + 44 629 + 43 35 + 16* 44 + 21" 46 + 17" 138 + 37” 158 + 31* 159 + 29" 
expired 
(mL) 
n 21 21 21 21 21 21 14 14 14 
Peak 32.0 + 0.73 32.3 + 0.82 32.3 + 0.82 27.3 + 1.20ł 27.3 + 1.30t 27.6 + 1.35ł 27.5 + 1.00} 27.4 + 1.00t 27.4 + 1.00ł 
temp 
CC) 


*P < 0.001 inspired vs expired. tP < 0.001 esophageal vs tracheal. 


The tidal volume delivered by the ventilator aver- 
aged 615 + 64 mL. The exhaled volumes of gas from 
the correctly placed endotracheal tube averaged 621 
+ 45 mL with the first ventilation and did not change 
significantly with the second or third ventilation 
(Table 1). The volumes of exhaled gas from the 
esophageal tube, with a range of 15-80 mL, were 
significantly less than the volumes delivered by the 
ventilator (P < 0.001). With simulation of an incom- 
petent gastroesophageal valve, the volumes exhaled, 
ranging from 96 to 225 mL, were also significantly 
smaller than those delivered by the ventilator (P < 
0.001). The leaks that occurred during esophageal 
“ventilation” were not measured. 

A typical temperature waveform during ventila- 
tion of the lung and esophagus is shown in Figure 3. 
The temperature waveforms obtained during each 
ventilation of the tracheal tube had the same peak 
and shape and were identical to each other, whereas 
those obtained from the esophagus had different 
peaks and varied from each “ventilation” to “venti- 
lation.” With a simulated incompetent gastroesoph- 
ageal sphincter, the shape of temperature waveforms 
obtained from the esophageal tube changed to a 
square wave (Figure 3). Peak temperatures recorded 


from the trachea were higher than those recorded 
from the esophagus in all instances (Figure 4). There ~ 
was also a significant difference between the mean of 
peak temperatures recorded from the trachea and 
that from the esophagus (P < 0.001) (Table 1). The 
pattern of temperature difference recorded from the 
trachea and esophagus was unchanged with simula- 
tion of an incompetent gastroesophageal sphincter. 
The lowest temperature recorded from a tracheal tube 
was 30.8°C, whereas the highest temperature re- 
corded from an esophageal tube was 29.7°C. With a 
simulated incompetent gastroesophageal sphincter, 
the highest temperature recorded from the esopha- 
geal tube was 29.2°C, 


Discussion 


The degree of reliance on any monitor to identify 
correct placement of a tracheal tube depends on the 
frequency of false positives and false negatives. One 
assumes correct placement of a tracheal tube with the 
observance of expired CO, waveforms because CO, 
is excreted only from the lung. But it is possible to 
obtain a similar waveform from the esophagus when 
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Figure 4. Peak temperatures of expired gas recorded with “first 
ventilation” of the tracheal and esophageal tubes. 


enough alveolar gas is forced down the esophagus/ 
stomach during ventilation by face mask (especially 
in patients with a difficult airway) (7-9). False nega- 
tives may occur during cardiopulmonary resuscita- 
tion when low cardiac output increases physiological 
dead space with a low end-expired CO). The cardiac 
output, at times, may be so low as to make the CO, 
waveforms nearly nonexistent. 

Linko et al. (7) found that a CO, waveform was 
obtained in 9 of 20 (45%) esophageal intubations, 
albeit at low concentrations (0.2-1.5%). In the present 
study, although every patient studied had a clear 
urway during induction of anesthesia, subsequent 
expiratory CO, waveforms were obtained in 7 (33%) 
cases of esophageal intubations, the highest CO, 
evel being 2%. The pattern of decrease in CO, level 
issociated with esophageal ventilation has been sug- 
ested as resembling a conventional washout curve 
10). But the normal exponential washout pattern 
vould certainly not be expected in the presence of 
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Figure 3. Temperature waveforms of ex- 
pired gas with tracheal and esophageal ven- 
tilation. Note the different shapes and peaks 
between the waveforms of gas expired from 
the trachea and esophagus (in the presence 
and absence of a gastric tube). 


2nd 3rd 


Esophageal “Ventilation” 
with Gastric Tube 


esophageal intubation because the CO, washout 
curve with esophageal ventilation will vary according 
to the amount of gas entering and leaving the esoph- 
agus/stomach. The volume of intraesophageal or in- 
tragastric gas movement would depend on the dis- 
tensibility of the esophagus (resulting in leaks around 
the cuff), tone of gastroesophageal sphincter, and 
intragastric pressure. During esophageal intubation, 
the CO, level with each expired volume, in addition, 
will depend on the degree of mixing that occurs as 
gas from the stomach enters the esophagus. This is 
supported by the constant pattern of CO, waveforms 
observed in one case report (8) and case No. 17 in the 
present study. Good et al. (11) concluded that the 
CO, waveform obtained from the esophageal tube is 
different from that of the tracheal tube after three 
ventilations.” Their study was done by ventilating 
the stomach of a dog through a gastrostomy and with 
a tube in the esophagus of a mechanical stomach 
model; therefore, it is difficult to extrapolate their 
data and results to humans. 

The volumes expired from the esophagus in the 
present study were smaller than those inspired, 
whereas there was no significant difference between 
inspired and expired volumes during tracheal venti- 
lation. Lack of an efficient recoil mechanism in esoph- 
agus/stomach, gas trapping in stomach, and leaks 
around the cuff explain the decrease in expired vol- 
ume with esophageal ventilation. The magnitude by 
which expired volume decreased with esophageal 
ventilation was an important finding that would not 
be affected in situations of low CO, excretion. Meas- 
urement of volume of expired gas appears to be at 
least as reliable as, if not better than, data obtained by 
measuring CO, levels for determining placement of a 
tracheal tube. 
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Measurement of volumes expired were made with 
a pneumotachograph instead of a respirometer. The 
pneumotachograph, with the advantage of being 
bidirectional and having a rapid response time, pro- 
vided the capability of comparing inspired and ex- 
pired volumes instantaneously. In addition, its small 
size allowed it to be attached between the endotra- 
cheal tube and the Y connector, hence, eliminating 
errors in circuit compliance. The disadvantage of 
nonlinear flows with the pneumotachograph can be 
avoided by choosing the correct size. With advances 
in electronics, the pneumotachograph is easy to use 
and, we believe, should be considered as an integral 
part of the anesthetic machine. 

The accuracy of temperature measurements of 
gases depends on the specific heat capacity of the 
thermocouple used. The lower temperature recorded 
from the esophageal tube in the present study was 
due either to a genuine lower temperature or because 
the volume of gas exhaled was too small to achieve 
equilibration of temperature with the thermocouple 
for accurate measurement. With simulation of an 
incompetent gastroesophageal sphincter, the volume 
exhaled from the esophageal tube was over the 
critical amount for accurate recording of temperature 
(see Appendix). Nevertheless, the peak temperatures 
obtained before insertion of the gastric tube were 
similar to those obtained with simulation of an in- 
competent gastroesophageal sphincter, probably be- 
cause the humidity present in the exhaled gas re- 
duces the critical volume necessary for the accurate 
reading of temperature. 

The peak and shape of the temperature waveform 
depend on the temperature and flow of the gas 
exhaled, respectively. During exhalation of gas, the 
temperature increased to a peak as soon as enough 
alveolar gas was flowing past the thermocouple; as 
flow of gas decreased during expiration, the temper- 
ature recorded decreased at a similar rate to give a 
waveform that was similar to an expiratory flow 
curve. Therefore, temperature waveforms obtained 
from tracheal tubes were similar in shape and peak 
with each ventilation. In contrast, the temperature 
waveform was dissimilar with each esophageal ven- 
tilation, resulting from the erratic flow, as explained 
in the preceding paragraph. With a simulated incom- 
petent gastroesophageal sphincter, the temperature 
waveforms were square-shaped, probably due to a 
constant flow of gas from the stomach through the 
gastric tube during “expiration.” The peak tempera- 
ture of expired gas suffers the same limitation as the 
end-expired CO, level because the amount of heat 
excreted through the lung with each ventilation de- 
pends on the blood flow to the lung and ventilation/ 
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perfusion matching. This and the heat lost through 
the portion of endotracheal tube lying outside the 
mouth explain the low temperature of expired gas 
from the lung. The peak temperature of expired gas 
before induction of anesthesia, if known, could pro- 
vide a target temperature. 

Humidity is commonly mentioned as an indicator 
of a correctly placed endotracheal tube. In this study, 
humidity was not measured because its reliability for 
detecting esophageal intubation has already been 
investigated (12). Gillespie et al. (12) found conden- 
sation in the esophageal tube in 28.6% of patients 
with an esophageal intubation and concluded that 
humidity should not be used as a reliable indicator of 
proper intubation. 

When the vocal cords have not been visualized 
during laryngoscopy and intubation, one should 
probably not rely on one monitor but rather on two or 
three independent monitors to confirm proper place- 
ment of an endotracheal tube. Though the CO, 
analysis is usually accurate in identifying correct 
placement of a tracheal tube, the occasional detection 
of CO, waveforms with esophageal intubation and 
the low levels or absence of CO, with tracheal intu- 
bation during cardiopulmonary resuscitation might 
lead to an incorrect assessment. The limitation of 
measurement of expired CO, for identifying esopha- 
geal intubation can be offset by measurement of 
volume and temperature of expired gas. Measure- 
ment of expired volume with a pneumotachograph 
may be an important improvement over CO, wave- 
forms in assessing accuracy of placement of tracheal 
tubes. 


We are indebted to Drs. Mohamed M. Ghoneim and John H. 
Tinker for reviewing the manuscript, Dr. Franklin L. Scamman for 
writing the computer program for data storage, and Ms. Heidi 
Butler for secretarial assistance. 


Appendix 


Omega Thermocouple 
A copper-constantan thermocouple (size 0.002 in., Omega Co.) was used in 
this study. It was tested in our laboratory for accuracy and for determining 
whether its specific heat capacity was appropriate for measuring small 
volumes of air. 

The accuracy of the thermocouple was determined by comparing it with 
a mercury thermometer certified by the National Bureau of Standards. The 
thermocouple and mercury thermometer were placed close to each other in 
a beaker of water with a stirrer at the bottom. The water was slowly heated 
and temperature recorded from the thermocouple and mercury thermome- 
ter simultaneously. The relationship was found to be linear with regression 
value of 0.999 and slope of 1.0037. 

The relative specific heat capacity of the thermocouple was determined 
by blowing across the thermocouple an increasing volume of ambient air at 
37°C over a 2 sec period (duration of expiratory phase). When the volume of 
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air was below 90 mL, the temperature recorded by the thermocouple 
increased in proportion to the increase in volume. At a volume of 90 mL and 
above, the temperature recorded remained steady at 37°C. This meant that 
90 mL was the minimal volume of air req for the thermocouple to 
record temperature accurately. 


Fleisch Pneumotachograph 

Fleisch pneumotachograph, size No. 0, was chosen because it provides good 
accuracy of flow up to 15 L/min. A bigger size would have provided better 
accuracy during the initial part of expiration but would not be sensitive 
enough for the low flow from the ge The pneumotachograph was 
calibrated with a super syringe before each experiment. 
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Special Article 


A Cardiogenic Hypertensive Chemoreflex 


Thomas N. James, MD, MACP 


JAMES TN. A cardiogenic hypertensive chemoreflex. 
Anesth Analg 1989;69:633—46. 


A cardiogenic hypertensive chemoreflex is elicited by sero- 
tonin administered experimentally in the dog. The reflex 
nearly doubles aortic pressure within 4-6 sec and is asso- 
ciated with powerful inotropic, chronotropic, and dromo- 
tropic responses. The afferent pathway is via intrathoracic 
vagal branches, whereas the efferent paths engage not only 
the vagal and sympathetic routes but also the phrenic nerve. 
The reflex can be abolished by vagotomy or with cyprohep- 
tadine, and can be attenuated by local anesthesia of the 
intertruncal space. Small chemoreceptors lying between the 
aorta and pulmonary artery are the source of the reflex, and 


Most reflex events significantly influence the perfor- 
mance of the heart, but it is not as widely appreciated 
that the heart itself can be the source of important 
reflexes. The two general categories of cardiogenic 
reflexes include those responding to changes in pres- 
sure (baroreflexes, pressoreflexes, spatial deforma- 
tion reflexes) and those responding to chemical stim- 
uli (chemoreflexes). In addition to the more familiar 
baroreflexes such as those originating because of 
changes in pressure within a cardiac chamber or a 
coronary artery, there are other more subtle and 
complex but equally important cardiogenic barore- 
flexes, such as the one that is inducible experimen- 
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they receive their blood supply from the proximal left 
coronary artery. Human counterparts of the reflex may 
include new :typertension during angina pectoris or acute 
myocardial infarction, new postoperative hypertension after 
coronary bypass grafting, and hypertensive patients with 
carcinoid syndrome. Many unresolved problems include the 
precise mechanism of chemoreception, whether the chemore- 
flex has any tonic influence, and mechanisms of integration 
of the reflex with other events peripherally and centrally. 
Answers to taese questions could be of great clinical value. 


Key Words: BLOOD PRESSURE, HYPERTENSION— 
cardiogenic. SEROTONIN, CARDIOGENIC 
HYPERTENSION. REFLEXES, CHEMORECEPTORS 
cardiac. HEART, CHEMOREFLEXES. 


tally in the dog to generate flow within an adrenore 
nal rete, causing blood with a high concentration o 
catecholamines to flow directly from the adrena 
medulla ta the renal cortex (1,2). 

Chemoreflexes from the heart have been mos 
extensively studied with topical application or direc 
injection of certain toxic alkaloids, e.g., nicotine 
lobeline, or capsaicin; less is known about the role o. 
natural body substances in the production of suct 
reflexes. Furthermore, there is a regrettable tendency 
to think of chemoreflexes as being caused exclusively 
by changes in pH, oxygen tension, or carbon dioxide 
concentration. Whereas this misconception is under 
standable (given the importance of the blood ga: 
monitoring function of structures such as the carotic 
body), the restrictive nature of that interpretation i 
particularly illustrated by the cardiogenic hyperten 
sive chemoreflex. 

In 1939 ‘ulius Comroe determined that a hyperten 
sive chemoreflex could be elicited in dogs and cat: 
from receptors located very near the main left coro 
nary artery and that the blood supply for those 
receptors often originated from a coronary artery (3) 
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In 1965 Horwitz and Sjoerdsma (4) studied four 
patients suspected of having pheochromocytoma be- 
cause of severe paroxysmal hypertension; instead of 
pheochromocytoma they found that the hypertensive 
episodes closely related to bouts of angina pectoris, 
from which they deduced that the source must be a 
chemoreceptor within the heart. In 1966 Becker 
searched for Krahl’s pulmonary glomus; he failed to 
find it but he did describe two sets of intertruncal 
glomera lying between the pulmonary artery and 
ascending aorta, with the lower set receiving its blood 
supply from the proximal left coronary artery (5). In 
1971 Eckstein and his colleagues studied a cardio- 
genic hypertensive chemoreflex in dogs and made 
two especially important contributions: that the 
chemoreflex could be elicited by 5-hydroxytrypta- 
mine (which occurs normally in the blood of humans 
and most other mammals), and that the blood supply 
to the responsible chemoreceptor came from either 
the main left coronary artery or proximal few milli- 
meters of its two branches in virtually all of the dogs 
(6). 

Since 1975 my colleagues and I have investigated 
the multiple facets of this cardiogenic hypertensive 
chemoreflex (7), including its neural pathways and 
the pharmacologic blockade of the reflex with some 
but not all serotonin antagonists (8), changes in 
regional flow patterns during the reflex (9), the sev- 
eral different hemodynamic components of the reflex 
(10), behavior of the chemoreflex in the awake state 
and especially in relation to breathing (11), the inter- 
play between this chemoreflex and certain barore- 
flexes (12), possible role of the chemoreflex in the 
new hypertension occurring during acute myocardial 
infarction (13) or in the postoperative period after 
coronary artery bypass grafting (14), fine structure of 
the coronary chemoreceptor (15), and pathologic 
-hanges found within and near the coronary chemo- 
receptor in victims of sudden unexpected death (16). 

In many respects the cardiogenic hypertensive 
*hemoreflex is the mirror image of the Bezold—Jarisch 
‘eflex, which has been known for over a century (17) 
Jut has also received more recent attention (18-20). 
30th reflexes, interestingly, can be produced by ser- 
tonin (S-hydroxytryptamine), although the sites of 
‘hemoreception differ (Figure 1). Also, both reflexes 
‘an be blocked with discrete local anesthesia of the 
ntertruncal space, which is discussed later. Further- 
nore, both the Bezold-Jarisch reflex and the cardio- 
senic hypertensive chemoreflex are significantly re- 
ated to the clinical picture associated with acute 
nyocardial infarction (21-23). 
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Figure 1. This experiment illustrates the contrasting effect of ser- 
otonin (STN) when injected into the distal lef- anterior descending 
coronary artery (LAD) or into a small proximal branch of the LAD 
of the same dog. The Bezold-Jarisch response causes hypotension 
and bradycardia, while the cardiogenic hypertensive chemoreflex 
causes hypertension and tachycardia. The control injection is 
diluent, which was Ringer's solution. The two upper tracings are 
pressure recordings from the right atrium (RA) and aorta (Ao), 
scaled in mm Hg, and the lower trace s a rachogram, scaled in 
beats/min. Recording paper speed is indicated with a reference bar. 
(With permission from ref. 7.) 


Functional Components of the Cardiogenic 
Hypertensive Chemoreflex 


Relatively small amounts of serotonin injected into 
the nutrient artery of the coronary chemoreceptor 
(6,7) or into the left atrium of the dog (7) cause an 
abrupt hypertension virtually doubling systemic ar- 
terial pressure within 4-6 sec (Figure 1). Comparable 
injections of serotonin into the ascending aorta or the 
carotid arteries do not cause this response. There is 
no tachyphylaxis in the hyper-ensive response to 
serotonin (7,10). The afferent pa:hway for this reflex 
courses within one or more intrathoracic vagal 
branches (8), but the efferent response engages not 
only the vagal and sympathetic syst2ms but also the 
phrenic nerve (11). Cooling or sec-ioning the vagi 
eliminates the reflex (6,7), althouzh e lesser degree of 
late onset hypertension can still be observed after left 
atrial injections of serotonin; this late- hypertension is 
due to release of catecholamines from the adrenal 
medulla during circulation of the administered sero- 
tonin to the adrenal glands, and can be eliminated by 
interrupting the adrenal blood supp’y, by adrenalec- 
tomy, or by prior pharmacologic depletion of adrenal 
catecholamine stores (10). 
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Figure 2. In the awake dog there is a highly variable vagal reflex 
component which may modify the hypertensive response to sero- 
tonin, here acministered into the left atrium (LA), with results 
comparable to those from intracoronary injections. When the dog 
was treated with atropine 1 mg/kg IV, the vagal reflex was 
eliminated, and instead of bradycardia there was sinus tachycardia 
during the hypertension. Note that ventilatory effects, expressed 
by gasps visible in the pneumogram, have no significant influence 
upon the hemodynamic or electrophysiologic effects of the 
chemoreflex. (With permission from ref. 11.) 


The hypertensive response differs in the awake 
dog only bv the presence of a more profound com- 
ponent of the vagal efferent influence, causing either 
marked bradycardia or heart block; however, the 
intensity of this vagal response varies greatly from 
one dog tc another. When the vagal response is 
eliminated by the administration of atropine, the 
hypertension in awake dogs (Figure 2) closely resem- 
bles that of anesthetized dogs. Ventilatory events 
(hyperpnea, gasping) last only a few seconds at the 
start of the -eflex and do not themselves significantly 
influence the cardiogenic hypertensive chemoreflex 
(11). 

At the onset of the cardiogenic hypertensive 
chemoreflex two effects combine to produce the 
marked hypertension: there is a prompt and power- 
ful positive inotropic effect on ventricular myocar- 
dium (Figure 3), and at the same time there is marked 
vasoconstriction in major systemic vascular beds (9). 
Important exceptions to this immediate vasoconstric- 
tion include the coronary circulation, the carotids, 
and the pulmonary arteries; by contrast, the renal, 
mesenteric, and femoral arterial flows all sharply 
decrease (9). In the atria there is a mixed vagal and 
sympathetic effect during which the negative inotro- 
pic response predominates if atropine has not been 
administered, but there is a prominent positive ino- 
tropic atrial effect in the presence of atropine (Fig- 
ure 4). 

Chronotropic and dromotropic events during the 
cardiogenic hypertensive chemoreflex similarly dem- 
onstrate the coexistence of both vagal and sympa- 
thetic effects (Figure 5). By direct perfusion of 10 pg of 
atropine into the cannulated sinus node artery or 
atrioventricular (AV) node artery of the dog (24-26), 
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Figure 3. Force gauge recordings from the right (RVe) and left 
(LVe) ventricles demonstrate a biphasic positive inotropic response 
during the reflex when serotonin is administered into the left 
atrium. The first phase is numbered 1 and is purely a manifestation 
of the reflex; the second phase is numbered 2 and includes not only 
the reflex effect but also the influence of catecholamines released 
from the adrenal medulla directly by the serotonin, as discussed in 
the text. Atropine eliminates the bradycardia and permits only the 
positive chronotropic effect of the reflex. Note that pulse pressure 
widens in the pulmonary artery (PA) during the reflex, but there is 
only minimal influence upon mean pressure. (With permission 
from ref. 10.) 


one can selectively eliminate the local vagal influence, 
permitting separate examination of all electrophysio- 
logic consequences of vagal influence except that 
affecting either the sinus node or the AV node (or 
both). For example, heart block occurs during the 
reflex when the sinus node response has been selec- 
tively eliminated (Figure 6), whereas selective elimi- 
nation of sympathetic neural influence on the sinus 
node during the reflex (after 10 ug of propranolol into 
the sinus node artery) leads to the emergence of AV 
junctional tachycardia instead of sinus tachycardia, if 
atropine had been previously perfused into the AV 
node artery. These several experimental perturba- 
tions are described to illustrate useful methods for 
“dissecting” out the multiple concomitant compo- 
nents of the cardiogenic hypertensive chemoreflex. 
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Neurograms recorded during the reflex demon- 
strate that the entire efferent neural discharge lasts 
nly a few seconds (Figure 7), although both the 
vemodynamic and electrophysiologic consequences 
‘ontinue for a longer time. As is often the case, 
ifferent neurograms are difficult to obtain. A more 
‘onvenient method for identifying the responsible 
ifferent neural pathways is by selective cooling or 
ectioning of suspected nerves (8). From our few 
uccessful efforts to obtain afferent neurograms, we 
lave determined that serotonin does produce im- 
ressive activity in the afferent nerve and that the 
ctivity is completely eliminated by the administra- 
ion of the serotonin blocking agent cyproheptadine 
ut not by methysergide (8); however, this is a 
ompetitive blockade and can be overridden by the 
dministration of appropriately larger amounts of 
erotonin. There is remarkable symmetry in different 
omponents of the sympathetic neural efferent re- 
ponse (27), and a coexistent but slightly different 
‘ming and duration of the vagal efferent activity. The 
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Figure 5. In this experiment 10 ug of atropine (ATR) was perfused 
into the sinus node artery (SNA) shortly before injecting serotonin 
2mL, 100 ug/mL, into the left atrium. Several elements of electrical 
“chaos” ensued as the chemoreflex began. Since the sinus node 
received atropine, sinus rate did not slow but because other 
components of the atria did not receive atropine, a distinct eleva- 
tion of the atrial repolarization segment is seen in the right atrial 
electrogram (RA) just before the onset of atrial fibrillation. Both 
before the atrial fibrillation and for a few seccnds afterward, there 
was a period of heart block visible, because no atropine was 
administered into the AV node artery. In addition to the RA and 
HBE electrograms, right ventricular and lef: ventricular electro- 
grams were included here along with su-face lead II. (With 
permission from ref. 7.) 


vagal difference is in part attributable to secondary 
activation of aortic and other baroreflexes by the 
reflex hypertension produced. Ther2 is a postexcita- 
tory depression of neural activity immediately after 
the initial effective burst (28). 

Evidence that the chemoreflex originates from re- 
ceptors located within the intertruncal space includes 
the existence of chemoreceptor tissue there (dis- 
cussed later), the production of the reflex by selective 
administration of serotonin into a srr all artery perfus- 
ing the intertruncal space (6,7), a lesser elicitation of 
the reflex by interstitial injection of serotonin into the 
intertruncal space (7), elimination of the reflex or 
marked obtunding of it by selective anesthesia pro- 
duced by interstitial injection of lidocaine or another 
local anesthetic into the intertruncal space (7), and by 
recording of afferent neural traffic during the reflex 
from a small nerve leaving the inter-runcal space (8). 


Anatomical Substrate of the Cardiogenic 
Hypertensive Chemoreflex 


Within the intertruncal space of human and canine 
hearts there is a plethora of neural structures includ- 


CARDIOGENIC HYPERTENSIVE CHEMOREFLEX 







EEA EE TA ERNE SAAS E 
ERP un Gat hes ea TEAR EE] 
andi Spee ee at ‘ He eer — 
2 AWAKE DOG. [Er SREY TT © o 

RANA HE ik A AHG: 

pee aber edi Era 
Hote oe a H 
Is i Ira A 
ul Fel DE PF: FE 









—— 


aa 


Hra 


awake dog, where resting vagal tone is normally higher. When the 
cardiogenic hypertensive chemoreflex was produced (upper 
record), the marked sinus arrhythmia (normally present) was 
accentuated during the reflex, and no escape rhythm emerged. 
After selective an of the sinus node with atropine, the same 
reflex now was associated with complete heart block for a period 
during which sinus rhythm was not only unsuppressed but 
actually accelerated. In the tachogram (HR) which was set to read 


ventricular complexes, irregularity was apparent in both experi- 


ments. (With permission from ref. 98.) 


ing myelinated and unmyelinated nerves and numer- 
ous ganglia as well as multiple small grape-like clus- 
ters of glomoid tissue (Figures 8 and 9). Beginning 
near the origin of the aorta and pulmonary artery and 
continuing almost to the bifurcation of the latter there 
are several glomera, all of which resemble each other 
histologically. Furthermore, at the electron micro- 
scopic level they not only resemble each other but 
they are also indistinguishable from either the light or 
electron microscopic appearance of the carotid body. 
However, the fact that the cardiogenic hypertensive 
chemoreflex can be produced by activation of the 
coronary chemoreceptor with serotonin, whereas 
similar administration into the carotid circulation 
does not have this effect, leads one to suspect that 
there may be subtle but important differences even in 
the histologic organization, if suitably investigated 
with special methods. 

As indicated by others (5,29), the blood supply to 
the upper group of glomera within the intertruncal 
space may come from the aorta, whereas that to the 
lower glomera (nearer the heart) is almost always 
derived from the proximal left coronary circulation 
(5-7). It seems reasonable, therefore, to refer to the 
latter group as coronary chemoreceptors rather than 
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Figure 7. Both vagal (left cervical) and sympathetic (left anterior 
ansa) neurograms are illustrated during the cardiogenic hyperten- 
sive chemoreflex at the upper right. Computerized counts of 
signals from the neurograms are plotted below. Note the brevity of 
increased neural traffic and the secondary burst of activity in the 
vagal neurogram when the hypertension activates baroreceptors. 


(With permission from ref. 27.) 
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aortic bodies. In the normal human heart there are 
usually two to five small coronary chemoreceptors; 
some are “beaded” along one nutrient artery, where- 
as others have a distinctly separate blood supply, 
although those different arteries are usually the ter- 
minal branches of a single vessel coming from the left 
coronary artery. Some have described pressorecep- 
tive vessels in the vicinity of these intertruncal glom- 
era (5,30,31), and I have seen such vessels in human 
hearts. 

Similar coronary chemoreceptors can be found in 
the intertruncal space of human, canine, and feline 
hearts (5-7,15). In both human and canine hearts the 
content of the coronary chemoreceptors includes 
many small nerves, arteries, arterioles and capillaries, 
and scattered mast cells. But their characteristic fea- 
tures are numerous clusters or “zellballen” of granu- 
lated cells (chief cells) interspersed with sustentacular 
cells (Figure 10). The chief cells are about twice as 
numerous as the sustentacular cells. Granules in the 
chief cells resemble those of similar cells in the carotid 
body and adrenal medulla, suggesting that those in 
the coronary chemoreceptor also produce and store 
amines. However, the fine structural features of the 
synapses between local nerves and the chief cells 
suggest that the chief cells in the coronary chemore- 
ceptors may not only store amines but also serve as 
sensory or chemoreceptive sites (15). 
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Figure 8. This protomicrograph de- 
picts histologic appearance of a nor- 
mal coronary chemoreceptor (boxed in 
A and shown at ^igher magnification 
in B). Chemoreceptor artery is circled 
in A. The abundance of neighboring 
nerves (N) and a ganglion (G) is ap- 
parent within th2 intertruncal space 
between aorta (Ao) and pulmonary 
artery (PA). Magnifications are indi- 
cated with reference bars. Specimen 
was from an adult man with no car- 
diovascular disease. (Goldner tri- 
chrome stain.) 
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‘linical Significance of the Cardiogenic relationships in an even more systematic fashion (4). 
lypertensive Chemoreflex Although the new hypertension is not always severe, 
hat which drew my attention and interest to this levels of 240/160 mm Hg are not anusual in such 
flex early on is the development of new hyperten- — ©@5€S- | | | 

on of a severe degree among some patients with Teleological reasons for the existence of a cardio- 


cute myocardial infarction or angina pectoris. It was  &8enic hypertensive chemoreflex, pa-ticularly FRAY 
ardly an original observation, since in 1931 Sir be observed during the clinical course of ischemic 
homas Lewis had reported this clinical association heart disease, include the following Virtually all the 
» which he applied the colorful term of “autonomic circulating serotonin is normally bound in the plate- 
orms” (32). A short time later Levine and Ernstene lets (34). Platelet aggregation is classically associated 
emonstrated that the hypertension preceded the with clinically active coronary disease, and serotonin 
iginal pain and was not caused by it (33). Later still, (along with several other vasoactive substances) is 
orwitz and Sjoerdsma documented the temporal released at those times. The concentration of seroto- 
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Figure 9. A second example of nor- 
mal coronary chemoreceptor is illus- 
trated here, also from the heart of a 
man without cardiac disease. The 
chemoreceptor (glomus) in A is boxed 
and shown at higher magnification in 
B. The morphology closely resembles 
normal carotid body. (Goldner tri- 
chrome stain.) 


nin potentially released by 1 mL of aggregating 
platelets in humans can be reasonably estimated to be 
at least 2000 ug (7), whereas maximal experimental 
response may be elicited with about one-tenth this 
amount of serotonin administered to a dog. Finally, if 
platelets are aggregating in or near the main left 
coronary artery, it would be useful if they could be 
dislodged or disaggregated, and a sudden sharp 
increase in blood pressure could admirably suit this 
purpose. 

To examine how often anterior myocardial infarc- 
tion and proximal left coronary disease could be 
found among patients with new hypertension during 
acute myocardial infarction, we reviewed the coro- 
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nary arteriograms of a group of such patients (13), 
anticipating that those with new hypertension might 
have predominant or exclusive proximal left coronary 
disease. What we found was that the location of the 
infarct and of coronary disease was not correlated in 
that fashion. However, in every patient with new 
hypertension during an acute myocardial infarction, 
there was significant proximal left coronary disease 
present. It was probably naive to expect the initial 
correlation which we anticipated, since “infarction at 
a distance” and other paradoxes in attempting to 
relate coronary lesions to location of infarction have 
historically been frustrating. Put another way, in 
patients with clinically significant coronary disease, 
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involvement of multiple sites is the rule. Further- 
more, there are probably widespread sites of platelet 
aggregation in patients at these times and, even 
‘eleologically, it would be helpful to dislodge aggre- 
jating platelets throughout the coronary tree, not 
only the left coronary. Nevertheless, some have dem- 
onstrated a relationship between anterior myocardial 
nfarction and new hypertension (23,35,36), as well as 
he more familiar relationship between the Bezold- 
arisch response and acute posterior infarctions. 
Another possible relation of the cardiogenic hyper- 
ensive chemoreflex to coronary disease may exist in 
he new hypertension so often observed postopera- 
ively and now widely investigated among patients 
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Figure 10. This electron micrograph 
of a feline coronary chemoreceptor de- 
picts three types of chief cells, graded 
according to relative prevalence of 
dark and light intracellular granules. 
(With permission from ref. 15.) 


after coronary artery bypass graft surgery, aortic 
valve replacement, and other procedures with cardio- 
pulmonary bypass (15,37-61). Many of these proce- 
dures, especially coronary artery bypass grafting or 
aortic valve replacement, include manipulation 
within or near the intertruncal space. There are 
several possible explanations for this postoperative 
hypertension, each of which can be challenged as not 
fully satisfying. However, the strength of evidence to 
support a neurogenic etiology has led to efforts by 
some groups to treat or block the hypertension by 
local anesthesia of the stellate ganglion (60,61). 
More direct evidence to implicate the coronary 
chemoreceptor in some of these problems in coronary 
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Figure 11. These drawings illustrate the procedure of 
plexectomy, in which all intertruncal neural elements 
are surgically removed, inevitably including the coro- 
nary chemoreceptor tissue. See text for discussion. 
(With permission from ref. 62.) 


Fig. 2— Step 1: prepulmonary dissection. 


disease and in postoperative hypertension exists 
from the experience of Soots et al. and their plexec- 
tomy procedure (62). Originally intended as a means 
of treating patients with variant angina and coexist- 
ing coronary disease, they achieved a remarkable 
degree of success (>90%) in relieving angina by 
removing all the neural elements within the inter- 
truncal space (Figure 11). Furthermore, when they 
encountered catastrophic occurrence of irreversible 
ventricular fibrillation during their initial manipula- 
tion of the intertruncal tissues in a few early cases, 
they decided to infiltrate the intertruncal region and 
produce local anesthesia, with the result that they 
completely eliminated this problem in subsequent 
cases. Although they did not report personal experi- 
ence with the anatomical substrate, instead depend- 
ing on previous descriptions by others, there is no 
question that plexectomy must include the coronary 
chemoreceptors, along with many other adjacent 
neural elements. In earlier studies my colleagues and 
I were able to eliminate both the Bezold-Jarisch reflex 
(63), as well as the cardiogenic hypertensive chemo- 
reflex (7), by local infiltration of the intertruncal space 
with lidocaine (Figure 12). 

Others have demonstrated that plexectomy was 
not helpful in three patients who had variant angina 
but no angiographic evidence of coronary disease, 
and they recommended that the procedure not be 
done in that category of patients (64). Although the 
purpose of the Soots plexectomy was an expectation 
that coronary spasm might be prevented, it may be 
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Fig. 4— Step 3: subaortic disgectio 
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Figure 12. Local anesthesia produced by interstitial injection int 
the intertruncal space effectively blocks the cardiogenic hyperte: 
sive chemoreflex. For comparison, the responses to electric 
stimulation of the cervical vagal trunks or stellate ganglia a) 
unchanged except possibly the left cervical vagus. 


noted that our experimental studies in dogs demor 
strated no influence on the coronary circulation dw 
ing the cardiogenic hypertensive chemoreflex (9). C 
course, absence of coronary vasoconstriction in th 
dog may not be true in humans, particularly whe 
coronary disease is superimposed. But there is als 
the interesting possibility that angina might be re 
lieved (as it was in the experience of Soots et al 
independent of any direct effect on the coronar 
circulation. 


With Rossi and Hageman we have examined the 
likelihood that anginal pain is mediated via neural 
elements within the intertruncal space and particu- 
larly the coronary chemoreceptor (65). Human evi- 
dence included thrombotic occlusion of the chemore- 
ceptor artery and the presence of fibrotic destruction 
of the coronary chemoreceptor in two fatal cases of 
coronary disease in which angina had abated or was 
absent within weeks before death, in one patient after 
coronary bypass surgery. Experimentally, awake 
dogs respond to serotonin administration into the left 
atrium not only with the usual abrupt hypertension 
but also with a number of signs suggestive of angina 
(65), such as stretching of the forelegs, plus visible 
apprehension and anxiety, including whining and 
tremulousness. Because there is no way to know 
exactly how a dog would perceive angina and re- 
spond to it, one can only conjecture about the signif- 
icance of these observations, but they are supportive 
of the idea. If the coronary chemoreceptor and the 
reflex that it produces are involved in the pathogen- 
esis of angina pectoris, and a vagal afferent pathway 
is involved, as several clinical observations suggest 
(65), this would be very different from the prevalent 
or conventional belief that sympathetic afferents are 
responsible for angina pectoris (66-69). 

Patients with Takayasu’s aortitis (70,71) or with 
polyarteritis nodosa do not require still another ex- 
planation for their frequently observed hypertension 
because renal disease or other problems may be 
sufficient, but the possibility of involvement of the 
arteries in and near the coronary chemoreceptor 
merits additional consideration. Chemoreceptor ar- 
teritis can be especially suspected when hypertension 
with aortitis is paroxysmal rather than sustained (71). 
Amyloidosis has been documented to be severely 
destructive to the coronary chemoreceptor (72), from 
which one may suspect that the postural hypotension 
sometimes observed in patients with amyloidosis 
could be related to the chemoreceptor disease. How- 
ever, the additional involvement of many different 
neural elements and of the vascular walls themselves 
by amyloid infiltration obviously contributes to the 
problem. 

One may ask why hypertension is not seen more 
often among patients with carcinoid disease, a clinical 
condition notably associated with liberation of sero- 
tonin by the tumor. Of course, several other vasoac- 
tive substances are also released by such tumors 
(73,74), and any of these may directly or indirectly 
affect blood pressure to raise or lower it. Further- 
more, most of these patients at the time of diagnosis 
typically have moderate or severe diarrhea and other 
physiological problems that may alter blood volume 
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or pressure or both. Tumors w-th prominent influ- 
ence upon blood pressure do not typically release 
their vasoactive material steadily but rather almost 
always do so episodically; pheochromocytoma is a 
classic example of this. When serotonin levels have 
been measured in the blood of patients with carcinoid 
disease, they may be as much as ten Himes the normal 
level (75), but even those levels are only about one- 
hundredth the concentration of serotonin used exper- 
imentally in the dog to elicit the hypertensive re- 
sponse (7). However, the measurements done in 
carcinoid patients without hypertersion at the time 
may not be representative of serctonin blood levels in 
patients with hypertension, of whom a large number 
of examples have now been reported (76). Among 
these have been carcinoid patients who had blood 
pressures fluctuating between 200/102 and 224/118 
mm Hg (77), between 130/70 and 188/106 (78), and 
between 110/80 and 292/156 (75). Additionally, in 
studies of the basis for the typical cutaneous flush 
observed in patients with carcinoid disease, Robert- 
son et al. (79) administered serotonin intravenously 
to 11 subjects and had to discoritinue the study in 3 
individuals because the intravenous serotonin pro- 
duced a “pressor response.” It has already been 
suggested by some (76,80) that hypertension may be 
as frequent as hypotension in association with carci- 
noid disease, and careful future studies may demon- 
strate that hypertension is nct so much rare as 
unrecognized. If that proves ta be true, one could 
interpret it as an experiment of nature producing the 
cardiogenic hypertensive chemoreflex in human be- 
ings. 

There are tumors that involve the intertruncal 
space and produce hypertension of a marked degree, 
which is easily understood when some of them have 
been found to be pheochromocytoma (81-88). In fact, 
there is a surprising number of surgical reports pre- 
cisely describing tumors in or near the interatrial 
septum, the main left coronary artery, or the inter- 
truncal space (86-88). Future investigation of such 
cases should include consideration of involvement of 
the coronary chemoreceptor as well as other neural 
elements in the region. Additionally, there is the 
infrequent but puzzling occurrence of small masses of 
thyroid tissue in the intertruncal space (89-92), but 
whether this relates to normal or abnormal function 
of the coronary chemoreceptor in any way is un- 
known. 

As is evident from experimental observations (7) 
and clinical evidence during suzgery for plexectomy 
(62), activation or surgical manipulation of the coro- 
nary chemoreceptor and nearby neural elements can 
be associated with a wide variety or electrical distur- 
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bances of the heart (Figure 4). Because terminal 
electrical instability of the heart is the probable cause 
of many and possibly most cases of sudden unex- 
pected death, it is hardly surprising that pathological 
changes in the coronary chemoreceptor and nearby 
neural elements are a frequent finding in cases of 
otherwise unexplained sudden death (16). The vari- 
ety of histopathology in such cases includes foci of 
inflammation or degeneration as well as older fibrotic 
destruction; local narrowing of nutrient arteries ac- 
companies those changes in some cases. 


Future Questions and Studies 


Local anesthesia of the intertruncal space will block 
both the Bezold—Jarisch reflex (63) as well as the 
cardiogenic hypertensive chemoreflex (7), two re- 
sponses that are almost mirror images of each other. 
The former causes bradycardia, heart block, and 
hypotension, whereas the latter causes marked hy- 
pertension and mixed vagal and sympathetic influ- 
ence on the electrical and mechanical activity of the 
heart. One may question whether the same response 
to local anesthesia explains the effective blockade of 
two such different reflexes, although it may be noted 
that both reflexes are mediated by an afferent vagal 
pathway. At present the more plausible explanation 
is that sensory receptors throughout the ventricular 
myocardium are activated in the Bezold—Jarisch reflex 
(93-94), and their final common pathway out of the 
heart is via the intertruncal space (63), so that the 
afferent neural pathway is anesthetized. For the car- 
diogenic hypertensive chemoreflex it seems likely 
that either the local anesthesia renders the coronary 
chemoreceptor unresponsive, or its afferent nerves 
are blocked, or both. 

At an even more fundamental level one can ask 
how the cardiogenic hypertensive chemoreflex is 
actually mediated within or near the coronary 
chemoreceptor. Is the administered serotonin directly 
responsible, or does it release a local mediator within 
the glomoid tissue, perhaps from granules within the 
chief cells? And whatever the chemical mediator may 
be, does it act on nearby neural endings within the 
coronary chemoreceptor, or directly on the chief cells 
themselves as the ultrastructural appearance of syn- 
apses suggests (15)? Of the many nerves and ganglia 
within the intertruncal space, which ones serve the 
coronary chemoreceptor, and do they intercommuni- 
cate with other nerves and ganglia or with nearby 
baroreceptors? There are neuroreceptors in the heart 
that function through an afferent pathway by way of 
sympathetic nerves and the spinal cord (95,96). How 


do these different reflexes integrate with the events ol 
the cardiogenic hypertensive chemoreflex, either 
within or near the heart, or after the afferent signals 
of either have reached central sites within the brain: 

This raises an analogous question about possible 
tonic activity of the coronary chemoreceptor. Is ¢ 
lesser level of the cardiogenic hypertensive chemore- 
flex, which is constantly present, perhaps of impor- 
tance to the maintenance of normal blood pressure’ 
Does the coronary chemoreceptor and its putative 
tonic activity participate in the pathogenesis of lef 
ventricular hypertrophy, including that of idiopathic 
cardiomyopathy? My prior discussion has empha: 
sized the possible role, during acute myocardial in- 
farction, of the cardiogenic hypertensive chemorefler 
in new hypertension; does loss of the coronary 
chemoreceptor, as might occur with certain types ol 
coronary occlusion, have as one consequence the 
development of cardiogenic shock? Certainly the 
proximal location of blood supply to the coronary 
chemoreceptor would suggest that it might be in- 
cluded in the massive ischemic insult following mair 
left coronary occlusion. 

Whether ischemia of the coronary chemorecepto1 
would activate the cardiogenic hypertensive chemo. 
reflex is uncertain because of the difficulty in separat- 
ing the effect of ischemia from the effect of serotonir 
liberated from platelets included in clot formation, 
which in turn is the usual cause of cardiac ischemia. 
In their classic study, Eckstein and his colleagues (6 
performed temporary occlusion of the small coronary 
branch supplying the chemoreceptor and observed < 
pressor response, but whether that was caused by 
serotonin released from platelets aggregating jusi 
beyond the ligature or by the ischemia is unclear, anc 
the two possible causes would be difficult to separate. 
Knowing that serotonin is itself so powerful in elicit: 
ing the cardiogenic hypertensive chemoreflex withoui 
any accompanying ischemia, it seems more reason: 
able for the present to attribute any possible clinica 
counterpart, such as might occur in patients witt 
known ischemic heart disease, to the effect of seroto 
nin either alone or possibly in conjunction wit 
glomoid ischemia. 

During surgery and in the postoperative period o! 
certain cases, should cyproheptadine be adminis- 
tered to prevent or reverse new hypertension? In thaj 
context it should be noted that methysergide is inef. 
fective in blocking the cardiogenic hypertensive 
chemoreflex in the dog, and we have not founc 
ketanserin to be effective in preliminary studies, bui 
for both these agents it is well to keep in minc 
potential species differences for responses in hu 
mans. Soots and his colleagues in France no longer 


perform plexectomy for treating variant angina, since 
newer pharmacological approaches are quite satisfac- 
tory (personal communication). However, the possi- 
ble protective effects of local intertruncal anesthesia 
before or during certain cardiac operations may merit 
investigation. If the role of the cardiogenic hyperten- 
sive chemoreflex proves in future studies to be im- 
portant in essential hypertension, in malignant 
hypertensive crises, or in idiopathic cardiac hypertro- 
phy, one may speculate that plexectomy could be 
reconsidered for a different useful purpose than was 
originally intended. 

Nonspecific activation of the cardiogenic hyperten- 
sive chemoreflex with nicotine or similar nonphysio- 
logical alkaloids may represent susceptibility of the 
chemoreceptor to agents other than serotonin, and 
some have been suggested by others (97). In our 
Original studies we examined several other neuro- 
transmitters and vasoactive agents as possible candi- 
date agonists and found them to be ineffective (7); 
however, there may well be other normally occurring 
substances effective as agonists or antagonists, and 
this merits further study. 

Idiopathic orthostatic hypotension, or the hypo- 
tension associated with amyloidosis or with diabetic 
autonomic neuropathy, may involve a number of the 
intertruncal neural elements, including the coronary 
chemoreceptor. In fact, the exact identification of 
specific function by these abundant and varied neural 
structures present within the intertruncal space may 
be one of the most intriguing subjects for future 
neurophysiological research, and the prospect of di- 
rect clinical usefulness of the findings is most attract- 
ive. 


The following figures have been reproduced with permission of 
the publisher and, where necessary, the author: Figures 1 and 5 
from Circulation (reference 7); Figures 3 and 4 from Circulation 
Research (reference 10); Figure 2 from the American Heart Journal 
(reference 11); Figure 6 from the American Journal of Cardiology 
(reference 98); Figure 7 from Cardiovascular Research (reference 27); 
Figure 10 from the Journal of Molecular and Cellular Cardiology 
(reference 15); and Figure 11 from the Journal of Cardiovascular 
Surgery (reference 62). 
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Physicians are frequently faced with ethical decisions 
in the delivery of health care to patients. With regard 
to certain ethical issues, it is at times difficult to make 
appropriate decisions because of the absence of any 
formal education on the subject and a lack of moral 
and medical consensus. One such issue is the ques- 
tion of blood transfusion and the Jehovah’s Witness 
patient (1,2). Jehovah’s Witnesses refuse blood or 
blood products because of religious beliefs. This 
refusal creates an ethical conflict for the physician 
wherein a possible lifesaving, medical course of ac- 
tion is unacceptable to the patient. The issue is 
further compounded by the lack of consistent legal 
norms and the changing expectations within the 
physician—patient relationship. 

Anesthesiologists are in a particularly difficult po- 
sition because they are responsible for the adminis- 
tration of blood and blood products perioperatively. 
Their position may be complicated by an agreement 
between the surgeon and patient that is morally and 
medically unacceptable to them. It is the purpose of 
this article to discuss the religious background of the 
Jehovah’s Witnesses, to consider the ethical conflicts 
in caring for these patients, to survey the significant 
past legal decisions rendered concerning medical 
management of Jehovah's Witnesses, and to describe 
options on how to proceed with anesthesia care. 
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Religious Background 


Jehovah’s Witnesses as a religious sect was begun in 
the late 1870s by Charles Russel in Pennsylvania 
(3,4). Mr. Russel was able to spread his message 
through a journal, Zion’s Watch Tower and Herald of 
Christ’s Presence, the forerunner of the present-day 
Watch Tower. In 1931, the group began calling them- 
selves Jehovah’s Witnesses on the basis of the 43rd 
chapter of Isaiah in the Bible in which Jehovah 
declares to his people, “Ye are my witnesses.” The 
sect developed as a fundamentalist group that be- 
lieved in spreading its word with street corner 
speeches and house-to-house visits. These public 
displays led to hardship and oppression during the 
Depression and World War II because their beliefs 
were in opposition to acceptable social mores at that 
time. They refused to recognize any earthly author- 
ity, offered allegiance to God only, were conscien- 
tious objectors, and attacked the clergy of other 
religious denominations as being representatives of 
Satan. 

The group has always based its beliefs on a literal 
reading of the Bible. They have predicted an immi- 
nent end of this world and the resurrection by God of 
the faithful witnesses to live a life without end ona 
renewed earth. This salvation is to be provided only 
to those who follow the strict tenets of their faith. 

Not until July 1945, after a discussion in the Watch 
Tower, was it determined that blood transfusion 
should be forbidden as it violated God’s law. This 
conclusion was based on the following three biblical 
passages: 

From Genesis 9:3,4: “every moving thing that 
liveth shall be meat for you; even as the green herb 
have I given you all things. But the flesh with the life 
thereof, which is the blood thereof, ye shall not eat.” 

In Leviticus, 17:10-16: ‘‘therefore I say unto the 
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children of Israel, ye shall eat the blood of no manner 
of flesh: for the life of all flesh is the blood thereof: 
whoever eateth it shall be cut off.” 

And, finally, Acts 15:19-21: “for it seemed to the 
Holy Ghost, and to us, to lay upon you no greater 
burden than these necessary things; that ye abstain 
from meats offered to idols, and from blood, and 
from things strangled, and from fornication: from 
which if ye keep yourselves ye shall do well.” 

The religious sect now numbers over 2 million 
members worldwide and the Watch Tower appears in 
82 languages. Their religious reasons for not accept- 
ing blood are described in the manual “Jehovah's 
Witnesses and the Question of Blood,” published by 
the Watchtower Bible and Tract Society (available on 
request at 25 Columbia Heights, Desk C, Brooklyn, 
New York 11201) (5). It is unclear why blood was 
declared forbidden in July 1945 or who came to this 
conclusion. Nonetheless, it is this decision that has 
created questions and conflicts from an ethical as well 
as medical-legal standpoint. 


Ethical Aspects 


Physicians experience a conflict of conscience when 
they are asked to stand by and allow a patient to die 
for want of a life sustaining blood transfusion. They 
are taught to preserve life. From the oath of Hip- 
pocrates, “The regimen I adopt shall be for the 
benefit of my patients according to my ability and 
judgement, and not for their hurt or for any 
wrong. . . . Whatsoever house I enter there will I go 
for the benefit of the sick... . As stated by one 
author, “They (physicians) feel strongly that they 
cannot in conscience proceed with any form of care 
that is, in their judgement, substandard” (6). On the 
other hand, physicians wish to respect the desires of 
their patients. This is especially so because “who 
would benefit if the patient’s corporal malady is 
cured but the spiritual life with God, as he sees it, is 
compromised, which leads to a life that is meaning- 
less and perhaps worse than death itself” (7)? Is this 
desire to respect personal freedom, however morally 
justified, acceptable in an individual who is respon- 
sible for a child? Even more compelling, what is our 
moral duty to a child who has yet to define its own 
religious beliefs, but whose parents have insisted on 
a course that might result in the death of the child? 

The refusal to have a blood transfusion by Jeho- 
vah’s Witnesses cannot, as some have suggested, be 
considered an act of suicide (8). Witnesses want to 
live and they seek medical treatment voluntarily (9). 
They do not wish to be considered a problem, but ask 
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to be considered a medical challenge (10). The chal- 
lenge, however, may be a dilemma for the physician 
who is asked to treat but is not allowed to use the one 
effective treatment that may be necessary to save a 
life. 

The situation appears clouded at times by a certain 
amount of ambiguity in their belief. A physician, who 
is a Jehovah’s Witness, wrote in an article, “Wit- 
nesses’ religious understanding does not absolutely 
prohibit the use of components such as albumin, 
immune globulins, and hemophiliac preparations; 
each Witness must decide individually if he can 
accept these” (10). 

Other issues remain unclear. As observed by one 
author, “while the tenet is definite, absolute . . . it is 
difficult to learn from them what the consequences of 
its violation are; certainly, violation is a sin, but can 
that sin be forgiven? Does it taint them permanently 
in some way? Is guilt incurred if someone receives a 
transfusion against his or her will while unconscious? 
. . . Requests to church leaders for clarification result 
in different answers to some or all of these questions” 
(6). 

The moral conflict is troublesome when the ethical 
principles and arguments are equally compelling in 
favor of different, exclusive courses of action. When 
the physician reveres the sanctity of life, what is 
correct in the patient whose life hangs in the balance 
and, in their minds, their life after death? Ethically, 
the question for some may be difficult to answer. 


Legal Issues 


There are several potential legal consequences of 
either administering blood to or withholding blood 
from a Jehovah’s Witness. Physicians have therefore 
looked to existing law with hopes of guidance on this 
issue. Unfortunately, there is a lack of statute law 
covering this matter. Instead, we are left to survey 
case law, which itself rests on moral claims and varies 
on a case by case basis. It also differs on a jurisdiction 
basis and, as society changes, so does the law. Rather 
than legal guidance, we are left to interpretation as 
the law on the matter continues to evolve. 


Minor Patients 


In reviewing past case law and beginning with the 
children of Jehovah’s Witnesses, the Jehovah’s Wit- 
nesses claim, “in view of the well-recognized right of 
parental responsibility, the moral, principled and 
consistent position for a doctor is to recognize the 
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responsibility of loving, concerned parents to make 
decisions for their minor children” (5). The courts 
have rejected this claim and to date, in all past cases 
where a child’s life is clearly in danger, they have 
intervened to allow blood transfusion over the relig- 
ious objections of the parents. The procedure that is 
typically followed when presented with a minor in 
extremis and as reviewed previously in the literature 
(11), consists of an application or petition to the judge 
of the appropriate court for judicial declaration that 
the minor is a “neglected child” and for appointment 
of a guardian. The application is typically filed by a 
representative of the hospital, usually the hospital 
administrator, and then medical evidence is pre- 
sented by the physician or physicians concerning the 
necessity of blood transfusion. The presentation of 
medical evidence may be done by the primary care 
physician, the anesthesiologist, or both, if required. 
This may be done by telephone to the judge at his or 
her home, if necessary. The child may then be de- 
clared neglected due to the parents not providing 
proper medical care and a guardian is appointed, 
usually the hospital administrator, who then con- 
sents to transfusion for the child. The lawyer repre- 
senting the individual or hospital who made initial 
application then presents a formal petition to the 
court during its next regular sitting. 

The landmark case concerning a minor child, 
Prince vs Massachusetts (12) heard in January 1944, 
did not involve a blood transfusion but concerned a 
child distributing Jehovah’s Witness literature on the 
street. The judge’s decision, which has been quoted 
in all rulings since, is that “parents may be free to 
become martyrs themselves. But it does not follow 
they are free, in identical circumstances, to make 
martyrs of their children before they have reached the 
age of full and legal discretion when they can make 
that choice for themselves.” 

Cases that have followed in which a child received 
a blood transfusion over the religious objection of its 
parents include Morrison vs State (13) and State vs 
Perricone (14). The “Prince” decision was quoted, as 
well as the State’s responsibility of “parens patriae,” 
for directing the transfusions. In a class action suit 
brought by the Jehovah’s Witnesses in the State of 
Washington vs King County Hospital (15) in June 
1987, the Witnesses sought to ban permanently blood 
transfusion in their minor children. The suit was 
dismissed using the “Prince” decision that stated, 
“the right to practice religion freely does not include 
liberty to expose ... the child ... to ill health or 
death.” 

Court rulings have not been as consistent when it 
has involved elective medical procedures for minor 
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children whose parents protest. In the case Hudson 
vs Supreme Court of Washington (16) decided in June 
1942, the court refused to direct the elective amputa- 
tion of a deformed arm of a child when the child’s 
mother objected to the procedure. The court stated, 
“a court does not have power to deprive a parent of 
custody and control of a minor child in absence of 
determination, after hearing, that the parent is unfit 
to have custody of the child.” In the case of Sampson 
vs Taylor (17), the court directed an elective operation 
on a child to include blood transfusion over the 
mother’s religious objection as a Jehovah’s Witness. 
The court ordered the surgery because of a concern of 
psychological harm to the child and stated it had the 
authority “to direct surgery even in the absence of 
risk to the physical health or life of the subject.” The 
opposite decision was rendered in the case re Green 
(18), in which the court refused to direct an elective 
spine fusion on a child with blood transfusion if 
necessary, when the mother objected to the proce- 
dure on religious grounds as a Jehovah’s Witness. 
The court declared, “the State does not have an 
interest of sufficient magnitude outweighing a par- 
ent’s religious beliefs precluding medical treatment 
when the child’s life is not immediately imperiled by 
his physical condition.” 


Fetal vs Maternal 


In the area of fetal versus maternal rights, the courts 
seem to favor the fetus late in gestation as proved by 
Roe vs Wade (19), the Supreme Court decision in 
1973 that established the State’s interest in protecting 
the life of the unborn fetus once it has reached a 
viable age. This reasoning was followed and cited in 
the case Jefferson vs Griffin Spalding County Hospital 
Authority (20) in February 1981. In this case, the court 
directed a 39-weeks-pregnant woman with a viable 
fetus to undergo cesarean section because of com- 
plete placenta previa and to include blood transfusion 
if necessary over the religious objections of the 
woman. 

The rights of the fetus early in gestation have not 
been completely addressed. In the case Taft vs Taft, 
(21) decided in March 1983, the court refused to direct 
a woman to undergo a cerclage procedure for an 
incompetent cervix. She had refused to do so on the 
basis of her religious convictions as a “born again 
Christian.” The court reported, “no case has been 
cited to us, nor have we found one, in which a court 
ordered a pregnant woman to submit to a surgical 
procedure in order to assist in carrying a child not 
then viable to term.” 
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Adult Patients 


An individual’s freedom to consent or refuse treat- 
ment is based on constitutional rights. In regard to 
adults who refuse blood transfusions on religious 
grounds, the key question for the courts is to deter- 
mine whether there is any compelling State interest 
in the case that justifies overriding this belief (22). 

The landmark case concerning adults and the 
necessity for consent occurred in 1914 in the case 
ochloendorff vs Society of New York Hospital (23). In 
this case, an adult patient refused consent for an 
operative procedure but agreed to an examination 
under anesthesia. Under anesthesia an operative 
procedure was performed. In addition, postopera- 
tively it was discovered the patient suffered a brachial 
plexus injury from improper positioning. She experi- 
enced intense pain and eventually required amputa- 
tion of some of her fingers. The patient lost the case 
because the hospital was a charity institution that 
received immunity from any liability. The presiding 
judge made a statement, however, that has been 
cited in many subsequent cases, that being, “Every 
human being of adult years and sound mind has a 
right to determine what shall be done with his own 
body... .” 

A case decided in November 1977, Superintendent 
of Belchertown vs Saikewicz (24) became celebrated 
because it surveyed past reasons for which the courts 
had laid claim to a State interest and which prevailed 
over the individual’s freedom to choose. In this case 
an adult was allowed to refuse medical treatment on 
the basis of “the right of a patient to preserve his or 
her right to privacy against unwanted infringements 
of bodily integrity in appropriate circumstances.” The 
court went on to review and define what “circum- 
stances” the courts had laid claim to a State’s interest 
in the past. They included 1) the preservation of life, 
2) the protection of the interests of innocent third 
parties, 3) the prevention of suicide, and 4) maintain- 
ing the ethical integrity of the medical profession. In 
cases that followed, the courts usually recognized the 
individual’s right to choose as being superior to the 
State’s interest if preservation of life was the only 
interest. 

Cases that permitted refusal of blood transfusion 
in competent adults for religious reasons as Jehovah's 
Witnesses include Erikson vs Dilgard (25), Aste vs 
Brooks (26), and In re Estate of Osborne (27). In each 
case, the attempt at appointment of a conservator to 
order blood transfusion was considered to be an 
infringement of their freedom of religious practice 
under the Constitution. The individual’s right to 
control his life took precedence over the only State 
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interest the courts could lay claim to, that being the 
preservation of life. 

In a case, United States vs George (28), the court 
used the State interest of maintaining the ethical 
integrity of the medical profession to direct a blood 
transfusion over the patient’s objection on religious 
grounds as a Jehovah’s Witness. They stated, “the 
patient voluntarily submitted himself to and insisted 
upon medical care. Simultaneously, he sought to 
dictate to treating physicians a course of treatment 
amounting to medical malpractice. . . . The patient 
may knowingly decline treatment, but he may not 
demand mistreatment.” 

The opposite decision, however, was rendered in 
the case Commissioner of Corrections vs Myers (29). 
The court held, “interests in maintaining the ethical 
integrity of the medical profession . , . are not con- 
trolling, since a patient’s right of self-determination 
would normally be superior to such institutional 
considerations.” In other words, an individual's right 
to choose will prevail when the only State interest is 
maintaining the ethical integrity of the medical pro- 
fession. 

In the case Application of the President and Direc- 
tors of Georgetown College (30), the presiding judge 
ordered a blood transfusion for an adult patient over 
the objection of the patient and family based on “The 
patient ..., was the mother of a seven-month-old 
child. The State,..., will not allow a parent to 
abandon a child, . . . the patient had a responsibility 
to the community to care for her infant. Thus the 
people had an interest in preserving the life of this 
mother.” Therefore, the protecion of the interests of 
innocent third parties prevails over an individual's 
expression of religious freedom. 


Incompetent Adult Patient: Emergency Situation 


The emergency situation with regard to the uncon- 
scious adult demonstrates consistent case law. It 
appears that when treatment is necessary to save a 
patient’s life, a physician has a _egally recognized 
duty to proceed. The landmark case regarding the 
emergency situation was decided in July 1912. The 
case, Luka vs Lowrie (31), involved a patient who 
suffered an injured foot and lost consciousness on 
arrival at the hospital. The attending physician am- 
putated the patient’s foot, in his opinion, to save the 
patient’s life. The patient sought damages against the 
physician for lack of consent. The court ruled in favor 
of the physician stating, “Physicians in the nature of 
things are sought for and must act in emergencies, 
and, if a surgeon waits too long . . . he must be held 
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to have known the consequences of such delay, and 
may be held liable for the resulting damage.” 

This reasoning was followed in the case Collins vs 
Davis (32) to direct surgical operation and transfusion 
of blood if necessary in a comatose patient over the 
religious objections of the patient’s spouse as a Jeho- 
vah’s Witness. 

A similar decision was reached in February 1971 in 
the case of John F. Kennedy Memorial Hospital vs 
Heston (33). The court directed surgical operation 
and transfusion of blood if necessary in a comatose 
patient over the objection of the patient's family 
based on their religious belief as Jehovah's Witnesses. 
The court founded their decision on “There is no 
constitutional right to choose to die.” In addition, 
they determined the hospital and staff are involun- 
tary hosts of the emergency patient. As involuntary 
hosts, when their interests are pitted against the 
belief of the patient, “the hospital and staff must be 
allowed to pursue their functions according to their 
professional standards.” 


Competent Adult Patient: Emergency Situation 


The last case to be discussed, Holmes vs Silver Cross 
Hospital (34), occurred in January 1972 and involved 
an urgent situation with a conscious and competent 
patient who informed his physicians he refused 
blood transfusion based on his religious beliefs as a 
Jehovah’s Witness. The physicians agreed, but when 
the patient became unconscious they went to the 
court and received direction to transfuse the patient, 
who was declared incompetent. The family was not 
notified until after the transfusion was administered. 
The court ruled in favor of the plaintiff stating the 
deceased’s civil rights were violated and the manner 
in which the transfusion order was obtained deprived 
the deceased and family due process of law. 


Summary 


From the legal survey of case law, it is apparent the 
courts have consistently intervened to allow blood 
transfusion in life threatening situations in minors 
over the objections of their parents. The consistency 
is not present, however, in strictly elective situations 
involving minors. In the issue of fetal versus mater- 
nal, the courts have ruled in favor of the fetus once it 
reaches a viable age. In the case of emergencies 
involving incompetent adults, the courts have consis- 
tently directed blood transfusion. The courts have not 
been consistent, however, with decisions regarding 
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emergency care of competent adults. Finally, in elec- 
tive cases involving an adult, the courts typically rule 
that every individual of sound mind and sufficient 
age has the legal right of self-determination in med- 
ical matters. The only exception in recent years seems 
to be when there is a State’s interest to protect 
innocent third parties, typically minor children. 

Society’s expectations of physicians, especially in 
recent years, seemingly dictates the practice of med- 
icine. A course of action or nonaction may have legal 
consequences. From the survey of case law and 
related articles concerning Jehovah’s Witnesses, 
words like negligence, assault, battery and abandon- 
ment have been mentioned. This would, it appears, 
make the legal concern a relevant issue when it 
involves a Jehovah's Witness patient. 


Medical Considerations 


The decision to care for the Jehovah’s Witness patient 
begins first with the hospital. The hospital may make 
the decision not to accept these patients at all, to 
accept these patients and their stipulation of no blood 
transfusions, or to seek legal intervention to permit 
blood transfusions when considered necessary by the 
physicians involved. When legal intervention is 
deemed necessary, the appropriate presiding judge 
must be petitioned to assign guardianship, usually to 
the hospital administrator, for consent to transfuse 
blood or blood products, or both. The mechanism for 
contacting the appropriate court or judge should be 
available in the hospital emergency room and oper- 
ating room. From the options available to a hospital, 
the decision becomes a difficult one given the ethical 
and possible legal ramifications as well as differing 
opinions of individuals required to make the deci- 
sion. The work of an ethics committee in formulating 
a hospital policy concerning the Jehovah’s Witnesses 
and blood transfusion is described in the literature 
(35). 

The physicians must also make a decision after 
considering their own beliefs, ethical concerns, and 
possible legal consequences. One is left with three 
options: First, one may ethically and legally refuse to 
care for these patients when they are seeking elective 
medical assistance. Second, one may proceed with 
their care with legal assistance to allow blood trans- 
fusion in basically the emergent or minor patient. 
Third, one can proceed with the agreement not to 
transfuse blood, even if it results in the death of the 
patient. 
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Table 1. Summary of Special Techniques Used 
Type of No. of Deliberate Deliberate 
Author Reference procedure patients hypotension hypothermia Hemodilution Autotranfusion Remarks 
Ott et al. 37 Cardiovascular 542 X X 51 deaths, 15 
related to blood 
loss 
Henderson 38 Cardiovascular 31 X X X 7 deaths, 3 related 
et al. to blood loss 
Bonnett et al. 39 Total hip g0 none reported 1 death unrelated 
replacement to blood loss 
Nelson et al. 40 Total hip 100 X No deaths 
replacement 
Bonakdar 41 Gynecologic and 165 none reported No deaths 
et al. obstetric 
Smith 42 General surgery 96 none reported——_-——_-____—__._ 2 deaths unrelated 
to blood loss; 
excessive 
surgical 
complications 
reported 
Schaller et al. 43 Major cancer 25 X X X X No deaths 
surgery 


Previous Experiences 

There are several reports in the literature describing 
experience in caring for Jehovah’s Witness patients 
for a variety of surgical procedures where blood 
transfusion was not used. This includes a case report 
describing a heart transplant in a Jehovah’s Witness 
patient (36). A summary of the reports involving 
larger groups of Jehovah’s Witness patients and the 
special techniques used in the anesthetic manage- 
ment of these patients is presented in Table 1. The 
report involving the largest group of patients is a 
retrospective study describing cardiovascular opera- 
tions on 542 Jehovah’s Witness patients without 
blood transfusion and whose ages varied from 1 day 
to 89 years (37). Hemodilution and deliberate hypo- 
thermia were used in the management of patients 
who required cardiopulmonary bypass. In this series, 
there were 51 deaths, 15 of them in patients in whom 
blood loss likely contributed to death. Another report 
(38) describing cardiovascular operations in Jehovah’s 
Witness patients reviewed 36 cases that occurred 
during a 15-year period. Special techniques used in 
the management of these patients included hemodi- 
lution, deliberate hypothermia, and autotransfusion. 
In this series, there were seven deaths, three of them 
in patients in whom blood loss was directly related to 
the cause of death. Two reports are available describ- 
ing total hip replacements in Jehovah’s Witness pa- 
tients, one reporting on 90 patients (39) and one 
reporting on 100 patients (40). Both reports described 
a reduction of blood loss when compared with that of 


controls and attributed this to factors such as opera- 
tive approach, meticulous hemostasis, and/or hy- 
potensive anesthesia. No significant differences in 
morbidity were reported. Another study (41) de- 
scribed a retrospective report of 165 Jehovah’s Wit- 
nesses and 164 control patients who underwent ma- 
jor obstetric and gynecologic surgery. No differences 
in operative morbidity or morality were found and 
no special techniques were described in the manage- 
ment of these patients. A study that reviewed 96 
Jehovah’s Witness patients wh> had undergone gen- 
eral surgery during a 28-year period reported an 
excessive rate of surgical complications (42). This rate 
was compared with those of surgical complications in 
other past studies in the literature. No speculation on 
why this occurred was provided. in this series there 
were two deaths that were unrelated to blood loss. 
One report (43) describes major cancer surgery in 25 
infants and children, 4 of whom were Jehovah’s 
Witnesses. There were no deaths in this series. No 
anesthetic or surgical complications were described in 
the Jehovah’s Witness patients. Special techniques 
used in the management of these patients included 
deliberate hypotension, deliberate hypothermia, he- 
modilution, and autotransfusion. 


Preoperative Management 


When one agrees to provide anesthesia care for the 
Jehovah’s Witness patient under their terms, mean- 
ing without the option of Elood transfusion, the 
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anesthesiologist’s involvement with the patient must 
begin early. It begins with a discussion with the 
patient and his or her family to explore their commit- 
ment, which does vary among these patients, and 
then explain options and find out what they are 
willing to accept (44). Once one agrees to proceed 
with care under the limitations imposed by the pa- 
tient’s desires, these limitations must be respected. 
To agree to proceed with the intent of administering 
blood when the patient is unconscious under anes- 
thesia is ethically unacceptable and legally constitutes 
battery (45). 

The patient must then sign a consent documenting 
refusal of blood and absolving the physicians, the 
hospital, and all its employees of any liability should 
an untoward event occur related to his or her refusal. 
The Jehovah's Witness patient oftentimes carries with 
him or her a consent, but if not, the hospital should 
have their own form or the form written by the 
American Medical Association may be used (46). This 
consent, in whatever form, must be executed. The 
document appears to be binding and offers protection 
as noted by Judge Warren Berger, former Chief 
Justice of the Supreme Court, who observed that a 
malpractice proceeding would appear unsupported 
in which such a waiver had been signed (47). In 
addition, the consent should be witnessed and 
signed by a relative of the patient, especially when a 
minor or spouse is involved. This may possibly 
prevent a suit instituted by the executor of the estate 
or the closest relative in the event of the patient's 
death. 

In operative procedures where transfusion would 
generally be likely, the patient’s hemoglobin level 
should be optimized with oral iron therapy for sev- 
eral weeks before surgery. The ideal preparation 
would be preoperative removal of blood and storage 
for autologous transfusion during surgery (48). Few 
allow this, however, because most Jehovah’s Wit- 
nesses require that their blood remain in a continuous 
circuit with their body (49, 50). One case report in the 
literature describes preoperative removal of blood 
after agreement of the patient, but who later decided 
against the retransfusion after discussion with other 
Jehovah’s Witnesses (51). This left the physicians 
with an already anemic patient just before surgery. 
For this reason the explanation should be clear and 
detailed. 


Intraoperative Management 


When significant intraoperative blood loss is ex- 
pected, e.g., 20% or more of total blood volume, 
special techniques may be employed. These include 
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deliberate hypotension, deliberate hypothermia, he- 
modilution, and autotransfusion. 

Deliberate hypotension is a valuable technique to 
employ intraoperatively for the Jehovah’s Witness 
patient because, foremost, it reduces surgical blood 
loss (52,53). Its use in the Jehovah’s Witness patient 
has been described previously (40,43). The consid- 
ered safe induced lower limit of mean arterial blood 
pressure to 50 to 55 mm Hg is based on the concept 
that the lower limit of autoregulation for cerebral 
blood flow is at this range (54). Because reduced 
arterial pressure may result in reduced flow to major 
organs, induced hypotension should be used cau- 
tiously, if at all, in patients with cardiovascular dis- 
ease, cerebrovascular disease, renal dysfunction, or 
hepatic dysfunction. 

Deliberate mild hypothermia, i.e., the lowering of 
body temperature to 30-32°C has been used to de- 
crease metabolic oxygen demand in the Jehovah's 
Witness patient requiring an operative procedure 
where significant blood loss was expected (43,55). 
Hypothermia produces a significant reduction in ox- 
ygen consumption (56). The decrease in oxygen con- 
sumption is approximately 6% for every 1°C decrease 
in temperature (57). Other physiologic changes asso- 
ciated with hypothermia include an increase in oxy- 
gen solubility in plasma (58), an increase in blood 
viscosity (59), and an increase in peripheral vascular 
resistance that may contribute to a decrease in cardiac 
output (60). Deliberate hypothermia is best accompa- 
nied by hemodilution to avoid increasing viscosity 
and thus depressing cardiac output. 

A target core temperature of 30-32°C is typically 
chosen because at this temperature arrhythmias do 
not usually occur (61) and yet the temperature is low 
enough to significantly decrease oxygen consump- 
tion. Surface cooling is adequate to produce mild 
hypothermia, and this can be accomplished with the 
use of a recirculating cooling blanket, of an operating 
room temperature between 18 and 20°C, and of an 
infusion of intravenous fluids at room temperature 
(55). Neuromuscular blocking agents and controlled 
ventilation should be used with this technique be- 
cause voluntary muscle movement, spontaneous res- 
piration, and shivering all increase oxygen consump- 
tion (62). 

Many of the reports describing anesthesia in Jeho- 
vah’s Witnesses for procedures where significant 
blood loss was expected employed hemodilution 
(43,55,63-65). Hemodilution reduces blood viscosity 
due to the decrease in hematocrit, a decreased ten- 
dency toward rouleaux formation, and decreased 
viscosity of the diluent (66). Associated with the 
hemodilution is an increased cardiac output and 
increased microcirculatory flow (66,67). Intraopera- 
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Table 2. Calculations for Autologous Blood Volume 
Withdrawal in Normovolemic Hemodilution 





*Het, Hctp 
Blood volume to remove = —————————— x EBV 


(Het, + Hctp) 





*Hct to be expressed as a decimal fraction; EBV = estimated blood 
volume; Hctp = desired hematocrit after blood withdrawal; Hct; = initial 
hematocrit. 


tively, the blood lost contains fewer red cells per unit 
volume resulting in decreased loss of red cells. 

Although the hemodilution reduces the reserve 
oxygen-carrying capacity of blood secondary to a 
reduced hemoglobin, cellular oxygen is maintained 
by decreased blood viscosity, increased dissolved 
oxygen-carrying capacity, and aided by mild hypo- 
thermia with subsequent decreased oxygen con- 
sumption (68). With the availability of oxygen mini- 
mized, however, it is imperative that there be close 
intraoperative monitoring of volume status, hemato- 
crit, and tissue perfusion, which is reflected by the 
base deficit or serum lactate (43,55). 

Moderate normovolemic hemodilution is consid- 
ered to be a hematocrit of 20-25%, whereas severe 
hemodilution is below 20% (69). The amount of blood 
to be initially withdrawn is determined by a set of 
calculations illustrated in Table 2 (70). 

With the Jehovah’s Witness patient, it must be 
remembered that they typically require a continuous 
system of blood withdrawal and reinfusion. Use of a 
Haemonetics 30 blood cell processor to collect and 
reinfuse the blood and colloid or crystalloid at vari- 
able rates depending on surgical blood loss has been 
described (71). Simpler methods have also been de- 
scribed, including collection of blood from a central or 
peripheral vein into a bag containing a preservative 
and connected by a Y connector to either a bag of 
crystalloid or colloid that is infusing into another 
vein, thus creating a continuous circuit (43). If crys- 
talloid is to replace the blood withdrawn, it should be 
2-3 mL for each milliliter of blood removed (69). If it 
is colloid, it should be reinfused on a milliliter for 
milliliter basis (55). 

Some controversy is present on whether to use 
crystalloid or colloid for hemodilution. Critics of 
colloid hemodilution predict prolonged anemia and 
hypervolemia postoperatively because of difficulty in 
removing the colloid by diuresis (72). Critics of crys- 
talloid predict lower hematocrits with the initial he- 
modilution and marked edema intraoperatively (55). 
Concern for development of a coagulopathy is 
present when large volumes of hydroxyethyl starch 
(HES) are infused. There is a case report in the 
literature describing a severe coagulopathy after vol- 
ume replacement with HES in a Jehovah’s Witness 
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(73). Synthetic macromolecular colloids have been 
reported to cause hemostatic defects by three possible 
mechanisms (74), although the clinical significance is 
not yet well defined (75). These mechanisms include 
1) accelerated conversion of fibrinogen to fibrin that 
causes a less stable thrombus; 2) the macromolecules 
induce an acquired von Willebrand’s syndrome; 3) 
macromolecules may coat circulating platelets caus- 
ing a qualitative platelet function defect. HES has 
been used safely as a volume expander in amounts 
up to 1.5 g/kg normal body weight for intraoperative 
and the first 24-hr postoperative period (74,76). In the 
case report mentioned, the patient received 2.7 g/kg 
intraoperatively and the first 24-hr postoperative pe- 
riod. 

Normovolemic hemodilution is one method of 
autotransfusion. The blood is collected immediately 
before the operative procedure with the majority 
reinfused after most of the surgical blood loss has 
occurred. Again, Jehovah’s Witnesses typically re- 
quire a continuous circuit of blood collection and 
retransfusion. Another form of autotransfusion that 
has been described for the Jehovah’s Witness patient 
is intraoperative blood salvage from the surgical field 
and retransfusion with the use of the cell-saver 
(77,78). The cell-saver, for most Jehovah’s Witnesses, 
appears to satisfy the requirement of a continuous 
circuit. 

Desmopressin (DDAVP) has recently been sug- 
gested for use in the Jehovah’s Witness patient to 
reduce intraoperative blood loss by increasing coag- 
ulability of blood (79). DDAVP, which increases 
plasma levels of factor VIII activity, has thus been 
used to reduce bleeding after cardiac surgery (80) and 
to reduce bleeding in patients undergoing Harrington 
rod insertion, 0.3 u/kg usually being given intrave- 
nously over 20 min (81). DDAVP may, therefore, 
have a place in the perioperative management of the 
Jehovah’s Witness patient. 


Postoperative Management 


Intravenous iron dextran has been used to optimize 
hemoglobin levels in Jehovah’s Witness patients 
postoperatively (82,83). In addition, two reports 
(63,82) have described continuation of or institution 
of mild hypothermia and hemodilution in the post- 
operative management of severely anemic Jehovah's 
Witness patients. 


Conclusion 


Jehovah’s Witnesses refuse blood or blood products 
on the basis of their religious beliefs. The decisions 
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involved in how or even whether to care for a patient 
refusing necessary blood transfusion have to be made 
by each individual physician. These decisions should 
be guided by their knowledge, their own moral and 
ethical beliefs, and with regard to the convictions of 
their patient. This study has provided a review of the 
religious background of the Jehovah’s Witnesses, the 
ethical issues and conflicts in caring for these pa- 
tients, the significant past legal decisions rendered 
concerning this group, and how to proceed with 
anesthesia care when one elects to do so under the 
limits imposed by the patient's religious beliefs. 


I thank Didi Cato for secretarial assistance in preparing the 
manuscript. 
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Isoflurane uptake and elimination are delayed by 
absorption of anesthetic by the Scimed membrane 
oxygenator. Anesth Analg 1989;69:657-62. 


Although isoflurane is frequently used during hypothermic 
cardiopulmonary bypass (CPB), its pharmacokinetics in 
these circumstances have not been described for systems 
employing membrane oxygenators. The current study de- 
tails isoflurane uptake and elimination in an ex vivo model 
of hypothermic CPB, which uses a Scimed membrane 
oxygenator. Isoflurane uptake and elimination by blood are 


Volatile anesthetics are commonly used during hypo- 
thermic cardiopulmonary bypass (CPB) for their va- 
sodilatory and anesthetic properties. It is particularly 
necessary to titrate blood anesthetic concentrations 
accurately in patients undergoing cardiothoracic sur- 
gery because of the increased susceptibility to anes- 
thetic side effects. Several laboratories have begun to 
investigate the pharmacokinetics of anesthetic 
administration during CPB (1-3). Nussmeir et al. 
demonstrated that volatile anesthetic uptake and 
elimination were not significantly different from nor- 
mothermic inhalational administration when agents 
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markedly delayed by the membrane oxygenator in thts 
system. This is because the oxygenator membrane absorbs 
large amounts of anesthetic; the Scimed oxygenator mem- 
brane has a capacity for anesthetic equivalent to ~17 L of 
blood. As isoflurane absorption by the oxygenator may also 
delay anesthetic uptake and elimination in patients during 
CPB, further studies in human subjects are needed to define 
the clinical significance of anesthetic absorption by the 
membrane oxygenator. 


Key Words: ANESTHETICS, voLaTiLe—isoflurane. 
ANESTHESIA, carpIOVASCULAR—membrane 
oxygenators. 


were delivered via bubble oxygenators during hypo- 
thermic CPB (1,2). Anecdotally, we noted that the 
onset of isoflurane’s hypotensive effect was markedly 
delayed when administered via a Scimed membrane 
oxygenator. Therefore, we postulated that the phar- 
macokinetics of isoflurane administration during CPB 
might be dependent upon oxygenator type. In order 
to investigate this hypothesis we initiated studies of 
uptake and elimination of volatile anesthetics in an ex 
vivo model system of CPB. 


Methods 

Materials 

All chemicals used are commercially available and 
were obtained from the following companies: 
halothane—Ayerst Laboratories (New York, NY); 
isoflurane—Anaquest (Madison, WI); n-heptane 
(HPLC grade)—Fisher Scientific (Fair Lawn, NJ). The 
n-heptane used for gas chromatographic analysis was 
glass distilled before use to remove impurities. 


Blood 
Chamber 


Membrane 


The CPB circuit was constructed as diagrammed in 
Figure 1. The Scimed membrane oxygenator (Scimed 
Life Systems Inc., Minneapolis, MN, Model #1- 
35002A) was used for all kinetic studies. The blood 
circuit was constructed using 1.2 m of 9.4 cm diame- 
ter polyvinylchloride tubing, a 1300 mL reservoir bag, 
and 30 cm of 1.3 cm diameter silastic tubing for the 
roller pump boot. Blood flow was regulated using a 
precalibrated COBE-Stéckert Model #10 (COBE Lab- 
oratories, Inc., Lakewood, CO) roller pump. Gas flow 
was supplied through 0.6 m of 0.6 cm diameter 
polyvinylchoride tubing. Isoflurane in 100% oxygen 
was delivered using a Fortec (Ohmeda, Atlanta, GA) 
vaporizer. 


Determination of Isoflurane Concentration in Blood 


Anesthetic gas concentrations in blood were mea- 
sured by an extensively modified technique based 
upon previously reported methods, which entails 
Organic extraction of anesthetics from tissue and 
subsequent gas chromatographic (GC) analysis (4,5). 
Blood samples (1-2 mL) were obtained from the CPB 
circuit in gas-tight glass syringes. The blood was then 
added to preweighed tubes of ~3 mL of ice cold 
n-heptane containing halothane (1 mmol) as an inter- 
nal standard. The tubes were then reweighed, mixed, 
and subsequently centrifuged to separate aqueous 
and organic phases. Exact volumes of blood and 
n-heptane were calculated by dividing their mea- 
sured masses by the densities of heptane and blood. 
Preliminary experiments indicated that isoflurane 
(equilibrated with blood at 2 vol% concentration at 
25°C) was completely extracted from blood under 
these conditions and that the halothane concentra- 
tion in the n-heptane solution was unaffected by the 
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Figure 1. Diagram of the ex vivo cardiopulmo- 

Reservoir ty bypass circuit. The <hree square compart- 
ments represent the cunctional chambers of the 

Bag membrane oxygenatcr. Gas flow and blood flow 
proceed in the direction indicated by the arrows. 

In clinical use the CPB circuit is normally linked, 


Roller in series, to the patient at point A. 


Pump 


extraction process. This was proven by reextracting 
the aqueous (blood) phase with 3 mL of neat n- 
heptane, which showed that < 1% of isoflurane and 
halothane remained in the aqu2ous phase. 
Approximately 2 uL of the organic phase was used 
for GC analysis. A Hewlett Packard #5890 GC con- 
taining a DB~1 methylsilicone oil capillary column (15 
m, 0.15 mm film thickness, 0.533 mm ID, from J & W 
Scientific, Folsom, CA) was used fcr sample analysis. 
Injections were made in the split mode (split flow 
ratio 20:1) with an injector temperature of 100°C. 
Runs were isothermal at 40°C using helium as a 
carrier gas at a flow rate of 1.0 mL/min. Signals were 
measured by flame ionization detection (280°C) using 
helium as a detector make-up gas (40 mL/min), and 
the ionization signals were recorded on a Hewlett 
Packard 3393A integrator for purposes of retention- 
time measurement and ‘signal integration. In this 
system retention times of 1.96 and 2.21 min for 
isoflurane and halothane, respectively, were deter- 
mined. To calculate isoflurane cor.centrations in the 
organic phase, the ratio of integration of the isoflu- 
rane and halothane peaks was calculated and cor- 
rected for the detector response ratio and the concen- 
tration of the internal standard (the detector response 
ratio for isoflurane to halothar.e responses was con- 
stant, 0.59, within the concentration range studied). 
To obtain the blood concentration of isoflurane, the 
organic phase concentration was multiplied by the 
ratio of n-heptane and blood volumes. Concentra- 
tions of isoflurane in blood as low as 0.06 mmol could 
be reproducibly and accurately mzasured (sp <10% 
of the mean for n = 3). Our method was ultimately 
validated in two ways: 1) by measuring the concen- 
tration of isoflurane in blood equilibrated with 2 vol% 
isoflurane gas at 37°C to yield a partition coefficient of 
1.4 + 0.07 sp (n = 3); 2) by measuring the saturating 
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concentration of isoflurane in lactated Ringer’s solu- 
tion at 20°C (14.3 + 0.6 mmol; n = 4). Both values are 
in close agreement with values reported in the liter- 
ature (6,7), and the sp of measurement is small, thus 
confirming the reproducibility and accuracy of the 
technique. Sample determinations were repeated 
three times for each sample and the average value 
used for calculation of pharmacokinetic time points. 
All solutions containing volatile anesthetic were kept 
in gas-tight vials at 4°C. 


Determination of Isoflurane Concentration in Gas 


Isoflurane concentration in oxygen was measured by 
a modification of the method described by Heavner 
(8). Briefly, 5 mL gas samples were taken directly 
from the circuit in gas-tight glass syringes for GC 
analysis of isoflurane concentration. To ensure that 
precise volumes of gas were introduced to the col- 
umn, a 250 uL loop on a manually activated Valco gas 
sampling valve was used for injection. A Hewlett 
Packard GC (Model #5890), containing a glass col- 
umn packed with Porapag Q, and a flame ionization 
detector was used for sample analysis. Isoflurane 
concentrations were determined by comparing signal 
integration measurements of samples to curves gen- 
erated with standards prepared according to the ideal 
gas laws. Measurements of gas concentration were 
highly precise and accurate; therefore, only single 
determinations were made for gas samples at each 
time point. 


Determination of Partition Coefficients 


Blood/gas and membrane/gas partition coefficients 
(Apc and Ayyc, respectively) for isoflurane were mea- 
sured for blood used in the CPB circuit and for the 
Scimed membrane oxygenator. Determinations were 
made by adding a known volume of gas containing a 
measured concentration of isoflurane to a 100 mL 
gas-tight syringe containing a premeasured amount 
of either oxygenator membrane or blood. After allow- 
ing 5 min for mixing, isoflurane gas concentrations 
were measured using the GC method described 
above. Additional experiments indicated that longer 
equilibration periods (30 min) did not change the 
measured gas concentration. Partition coefficients 
were calculated using the principle of conservation of 
mass. By subtracting the amount of isoflurane mea- 
sured in the gas after equilibration from the amount 
of isoflurane added before mixing and dividing the 
difference by the volume of membrane or blood, the 
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concentration of isoflurane in membrane or blood 
was determined. Membrane volume was calculated 
by dividing the mass of the membrane by the density 
of the material reported by the manufacturer. The 
calculated isoflurane concentration in membrane or 
blood was divided by the measured concentration of 
isoflurane in gas after equilibration to give the Ayyc or 
Apc: The Apc of saline-diluted blood at 25°C (i.e., the 
blood used in the oxygenator circuit) was determined 
using this method, yielding the same values (1.47 + 
0.1 sz, n = 4) reported by others using similar 
methodology (1,2). Partition coefficients are reported 
as the average of three separate determinations + SE. 
Measurements were made at 25°C. 


Determination of Uptake and Elimination Kinetics 
of Isoflurane in Blood 


The CPB circuit was assembled as shown in Figure 1. 
A mixture of lactated Ringer’s solution, 10,000 units 
of heparin, and recently outdated whole blood was 
added to the circuit to give a hematocrit of approxi- 
mately 25% and a volume of 1100 mL. The circuit was 
“de-aired” and equilibrated at predetermined rates of 
blood flow (Q, in L/min) and gas flow (F, in L/min). 
Isoflurane delivery at ~2 vol% concentration was 
then initiated. Blood and gas samples were collected 
at predetermined time intervals and processed for 
analysis as described above. Experiments were re- 
peated in the same membrane oxygenator for dif- 
ferent values of Q and F after washout of isoflurane 
was completed. Complete washout was confirmed by 
measuring <0.01 vol% isoflurane concentrations in 
gas exiting the oxygenator. Experiments were per- 
formed three times in three separate membrane oxy- 
genator systems, except for measurements made at F 
= 3, Q = 1.5, which were performed twice. The range 
of F and Q values studied spanned the range of 
clinically used settings for this oxygenator. Pharma- 
cokinetic results are expressed as the ratio of the 
measured concentration to the maximal potential 
concentration (C/C,,,,.) as a function of time. Maximal 
concentrations of isoflurane (Cmax) for uptake were 
calculated by multiplying the measured isoflurane 
blood/gas partition coefficient by the measured iso- 
flurane concentration in delivered gas. 

Elimination kinetics were measured at F = 3, Q = 
3. Samples were taken at specific times after isoflu- 
rane delivery was terminated. Samples taken just 
before the termination of isoflurane administration 
were used as a measure of C,,,, for elimination. 
Results are expressed as C/C,,,, as a function of time. 
Experiments were performed three times using three 
different membrane oxygenators. 
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Determination of Anesthetic Uptake by the 
Membrane Oxygenator 


The CPB circuit was assembled as described in Figure 
1, with the exception that the compartment for blood 
was left empty and the blood tubing clamped imme- 
diately proximal and distal to the oxygenator blood 
chamber. Oxygen was allowed to flow through the 
system at either 1.5, 3, or 6 L/min. Delivery of ~2 
vol% isoflurane was then initiated, and samples of 
delivered and exit gas obtained at specific time inter- 
vals. Experiments for F = 3 were repeated in three 
different membrane oxygenators. Experiments for F 
= 1.5 and 6 were performed in a single oxygenator. A 
single experiment was done (for F = 3) in which the 
same protocol was followed with the exception that 
the blood circuit was filled with blood and circulating 
at a rate of 3 L/min. Washout of isoflurane between 
experiments was confirmed by measuring <0.01 
vol% isoflurane in exit gas. Results are expressed as 
the ratio of exit to inflow gas concentration (Ce/Ci) as 
a function of time. 


Statistical Methods 


C/Cmax time points for uptake and elimination of 
isoflurane by blood were calculated as the mean + sE 
of three separate experiments, except for experiments 
in which F = 3, Q = 1.5. In this case time points were 
calculated as the mean + range (n = 2). Uptake and 
elimination data were fit to curves using a nonlinear 
least squares software program (NFITS—edited by 
Dr. C.J. Lingle). The data were fit by uniexponential 
functions which describe uptake and elimination in 
our system; C/C,,,, = 1 — e~* for uptake and C/C max 
= e “ for elimination, where t is time and k is the 
rate constant. Data are expressed in terms of time 
constants (7), where r = I/k, to make kinetic compar- 
isons more comprehensible. Time constants are re- 
ported as the mean + sE. Statistical comparisons were 
performed using a STATA software program (Com- 
puting Resource Center, Los Angeles, CA). Time 
constants were compared using a one-way analysis of 
variance followed by a Bonferroni multiple compari- 
son test of the means at a significance level of 0.05. 

Ce/Ci time points were calculated as the mean + 
SD (n = 3) of three separate experiments for F = 3. All 
other Ce/Ci time points were the result of single 
determinations. 


Results 


In initial studies we measured blood concentrations 
of isoflurane as a function of time during continuous 
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Figure 2. Isoflurane uptake by blood as a function of time. Blood 
isoflurane concentrations (C) were measured after initiating ad- 
ministration of 2 vol% isoflurane at different rates of gas flow (F in 
L/min) and blood flow (Q in L/min). Cancentration measurements 
were normalized to the maximum isoflurane concentration achiev- 
able in blood for delivered concentrations of isoflurane in gas 
(Cia). Curves were fit by a nonlinear least squares method using 
an exponential function for a one compartment dilution with a 
constant drug delivery rate, C/Cmax = 1 — e~™. Data points and 
error bars for all experiments performed at Q = 3 represent the 
mean + se of the results of three separate experiments. Data points 
and error bars for F = 3, Q = 1,5 represent the mean + range of 
two separate experiments. 


delivery of isoflurane via the Scimed oxygenator to 
the CPB circuit (see Figure 2). Equilibration of blood 
with input gas occurred relatively quickly at a gas 
flow (F) of 6 L/min, and more slowly at less rapid gas 
flows. Isoflurane uptake by blood was found to be an 
exponential function of time. Uptake curves were 
closely fit (confidence limits >9)%) by a uniexponen- 
tial function for a single compartment dilution with a 
constant drug delivery, C/Cnax = 1— e~“' (where k = 
1/7). Time constants for uptake were 15 + 1.2 for F = 
1.5, 5.4 + 0.2 for F = 3, and 3.1 + 0.3 for F = 6 (all 
units in min + sE), and were all significantly different 
at P < 0.05. Changing blood flow (Q) from 3.0 to 1.5 
L/min did not significantly alter the rate of uptake; 
the time constants were 5.1 + 0.2 for Q = 1.5 and 5.4 
+ 0.2 for Q = 3. This indicates -hat isoflurane uptake 
by blood is highly dependent upon the rate of gas 
delivery but relatively uninfluenced by the rate of 
blood flow in this system. 

Subsequent experiments examined the elimination 
of isoflurane from blood after ciscontinuation of 
isoflurane delivery at a gas flow of 3 L/min. As shown 
in Figure 3, isoflurane was slowlv eliminated from 
blood with a f,,. of elimination of ~5 min. Elimination 
curves were closely fit (confidence limits > 90%) by a 
uniexponential function for elimination, C/C,,, = 
e” ** (where k = 1/7). The time constant of elimination 
of isoflurane from blood was 7.0 + 1.0 min. The time 
constants for uptake and elimination at F = 3, Q = 3, 
did not differ significantly from each other (P > 0.05). 

To determine the effect of anesthetic absorption by 
the membrane oxygenator on isoflurane pharmacoki- 
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Figure 3. Elimination of isoflurane from blood as a function of 
time. Blood concentrations of isoflurane (C) were measured after 
uptake experiments at F = 3, Q = 3 were completed. Concentra- 
tion measurements were normalized to the concentration of iso- 
flurane measured at time = 0 (Cmax). Curves were fit to the data by 
a nonlinear least squares method using a declining exponential 
function, C/C,,,, = e~“. Data points and error bars represent the 
mean + the se of the results of three separate experiments. 
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Figure 4. Isoflurane absorption by the oxygenator as a function of 
time. Isoflurane concentrations in gas exiting the oxygenator were 
measured after initiating delivery of 2 vol% of isoflurane at specific 
rates of total gas flow delivery. All data were normalized to 
isoflurane concentration in delivered gas and therefore expressed 
as a ratio, Ce/Ci (gas concentration in exit gas/delivered gas). The 
dash/dotted line represents data from experiments in which the 
blood circuit was filled with blood circulating at a rate of 3 L/min. 
All other curves represent data from experiments in which the 
blood circuit was empty, and the blood circuit tubing clamped just 
distal to the inlet and outlet of the blood chamber. Data points and 
error bars for F = 3 represent the mean + sp of the results of three 
separate experiments. Data points for all other curves are derived 
from single experiments. All curves were drawn using a Harvard 
Graphics, version 2.0, software program. 


netics, we examined uptake of anesthetic in the 
presence and absence of the circulating blood (see 
Figure 4). In these experiments serial measurements 
of anesthetic gas concentration in inflow and outflow 
oxygenator gas were made. The rate of rise of output 
gas concentration was found to be a function of the 
rate of gas delivery; output concentrations more 
rapidly approached input concentrations at high gas 
flows. Subsequent measurements of input and out- 
put gas concentration were made with circulating 
blood present in the CPB circuit. As shown in Figure 
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4, the presence of blood had an insignificant effect on 
the rate of equilibration of output gas with input gas. 
Hence the oxygenator, not blood, was shown to be 
the major site of isoflurane absorption. 

In order to quantitate the effect of isoflurane ab- 
sorption by the oxygenator on the kinetics of isoflu- 
rane uptake by blood, the amount of anesthetic 
absorbed as gas traversed the oxygenator was calcu- 
lated and compared to the amount of anesthetic 
required to saturate blood at delivered concentrations 
of isoflurane gas. Anesthetic absorbed per unit time 
was calculated by integrating the difference in the 
amounts of isoflurane in input and output gas as a 
function of time. Calculations of absorption were 
adjusted for the transit time of gas through the 
oxygenator by reassigning the initial time point for 
integration as the transit time. This modification in 
the calculation was made in order to maximally take 
into account the lag in the measurement of isoflurane 
in exit gas that is created by the distance the input gas 
must traverse within the oxygenator before being 
measured in exit gas. Transit times were calculated by 
dividing the volume of gas space in the oxygenator 
(~800 mL) by the gas flow rate. Transit times for F = 
1.5, 3, and 6 were 32, 16, and 8 sec, respectively. We 
then calculated the amount of time it would take 
blood to equilibrate with delivered concentrations of 
isoflurane if all isoflurane absorbed were absorbed by 
blood. This was done by dividing the amount of 
anesthetic absorbed per unit time by the capacity of 
blood for isoflurane (Agic X blood volume x Ci). 
Predicted equilibrium times (23, 46, and 92 sec for F = 
6, 3, and 1.5, respectively) were an order of magni- 
tude smaller than experimentally measured times of 
equilibration (approximately 500, 700, and > 1000 sec 
for F = 6, 3, and 1.5). These data indicate that the 
Scimed oxygenator does not directly transfer deliv- 
ered anesthetic into blood but rather acts as a reser- 
voir for isoflurane which slows the rate of rise of 
blood anesthetic concentrations. 

To prove directly that the oxygenator membrane 
was the site of anesthetic absorption we dissected the 
membrane from the oxygenator and measured its 
capacity for isoflurane. The capacity of the oxygen- 
ator was calculated by multiplying the Ayo of the 
oxygenator (26.3 + 1.2 se) by the volume of the 
oxygenator membrane (~900 mL). In order to relate 
the capacity of the oxygenator to some physiologic 
parameter, we divided the capacity of the oxygenator 
for isoflurane by the isoflurane partition coefficient of 
blood (Ag ~1.4). In this way we determined that the 
oxygenator has a capacity for isoflurane equivalent to 
~17 L of blood. 
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Discussion 


In an ex vivo model of CPB, we have found that 
isoflurane uptake and elimination by blood are de- 
layed by absorption of anesthetic by the Scimed 
membrane oxygenator. Our experiments show that 
large amounts of anesthetic are absorbed by the 
oxygenator, and that the majority of absorbed anes- 
thetic is not transferred directly into blood. Mem- 
brane uptake of anesthetic was calculated to delay 
equilibration between blood and delivered gas by 
more than an order of magnitude. Another conse- 
quence of anesthetic absorption by the oxygenator is 
that the rate of blood flow in the pump circuit (within 
the range commonly used during CPB) becomes an 
insignificant determinant of isoflurane uptake kinet- 
ics. This is because anesthetic uptake by the mem- 
brane is the rate-limiting step for the increase of 
anesthetic concentrations in blood. Based on these 
studies it is concluded that the Scimed membrane 
acts as a reservoir for anesthetic, one that serves to 
slow both isoflurane uptake and elimination by 
blood. 

The Scimed membrane oxygenator delays isoflu- 
rane uptake and elimination ex vivo by virtue of its 
high affinity for anesthetic and the large volume of its 
membrane. The behavior of other membrane oxygen- 
ators may be distinctly different because they contain 
membranes composed of different types and 
amounts of plastic. Therefore, conclusions drawn 
from data obtained in studies of the Scimed oxygen- 
ator should not be directly generalized to other mem- 
brane oxygenator types. 

The pharmacokinetics of volatile anesthetic admin- 
istration via bubble oxygenators and the Scimed 
oxygenator might also be expected to be different. 
Unlike membrane oxygenators in which drug and gas 
exchange occurs through a synthetic membrane, gas 
exchange proceeds directly in bubble oxygenators via 
a gas-blood interface (bubbles). Hence one would 
expect that bubble oxygenators would not delay 
anesthetic uptake and elimination. Consistent with 
this hypothesis is the finding that uptake and elimi- 
nation of volatile anesthetics in human subjects dur- 
ing hypothermic CPB using bubble oxygenators are 
very similar to uptake and elimination during con- 
ventional inhalational administration (1,2). 
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Unlike bubble oxygenators, long delays in isoflu- 
rane uptake and elimination during clinical use of the 
Scimed membrane oxygenator may result from the 
additive effects of anesthetic absorption by the mem- 
brane and patient tissues. If the delay in anesthetic 
uptake and elimination by the membrane oxygenator 
is clinically significant, this could exacerbate prob- 
lems associated with the administration of volatile 
anesthetics during CPB (e.g., unanticipated delays in 
elimination of volatile anesthetic could result in the 
presence of unwanted cardiac depression during sep- 
aration from CPB). Clearly any clinical inferences 
from our ex vivo data are speculative, not conclusive; 
further studies in human subjects must be done to 
determine the clinical effect of the Scimed membrane 
oxygenator on volatile anesthetics pharmacokinetics 
during CPB. 
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Clinical Reports 


Esmolol in the Management of Epinephrine- and Cocaine-Induced 


Cardiovascular Toxicity 


S. Pollan, mp and M. Tadjziechy, MD 


Key Words: ANESTHETICS, LocaL—cocaine. 


Many treatments have been suggested for manage- 
ment of life-threatening hypertension, tachycardia, 
and myocardial ischemia associated with hyperadren- 
ergic states (1-6). The availability of the short-acting 
B,-selective blocking drug esmolol has allowed more 
precise control of catecholamine surges without fear 
of overtreatment. We report a case in which esmolol 
was beneficial in the perioperative management of 
epinephrine- and cocaine-induced cardiovascular tox- 
icity. To our knowledge, this case represents the first 
reported use of this agent in this situation. 


Case Report 


A 64-year-old obese man presented with difficulty 
breathing because of bilateral nasal polyps. There 
was a 15-year history of asthma and allergy to aspirin. 
In addition, there was a history of long-standing 
atrial fibrillation dating back to a myocardial infarc- 
tion 20 years previously and of stable exertional 
angina and hypothyroidism. Physical examination 
was unremarkable with the exception of an irregular 
pulse of 90 beats/min and blood pressure of 144/90 
mm Hg. Electrocardiogram (ECG) revealed an old 
septal myocardial infarction and atrial fibrillation 
with a ventricular rate of 88 beats/min. Serum levels 
of electrolytes, blood urea nitrogen, and creatinine, 
as well as the hematocrit, were within normal limits. 
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The patient was premedicated with meperidine (50 
mg), hydroxyzine (25 mg), and atropine (0.3 mg) 
intramuscularly in addition to his usual medications 
of digoxin, theophylline, and levothyroxine plus use 
of metaproterenol and beclomethasone inhalers. In 
the operating room, blood pressure was 155/100 mm 
Hg and pulse 116 beats/min. Electrocardiogram con- 
firmed that the patient was in atrial fibrillation. Oxy- 
gen was given through an oral cannula at 2 L/min. 
Fentanyl (75 ug) and midazolam (2.5 mg) were given 
in small increments intravenously to achieve seda- 
tion, bringing the heart rate down to 90 beats/min 
and the blood pressure down to 140/80 mm Hg. 

In preparation for nasal polypectomies, 10 mL of 
1% lidocaine with epinephrine 1:200,000 was injected 
into the nasal mucosa. Shortly afterward, cocaine 
(160 mg) was applied topically to the nasal mucosa. 
Within minutes, the patient’s heart rate increased tc 
150 beats/min and blood pressure to 180/112 mm Hg. 
ST-segment depression appeared on the precordial 
leads; the patient denied chest pain or dyspnea. Two 
doses of digoxin, each 0.125 mg IV, failed to decrease 
the heart rate over the next 15 min. Nitroglycerin 
paste (2.5 cm) was applied on the skin over the 
precordium. Hight minutes later, esmolol (20 mg) was 
given in an intravenous bolus followed by infusion of 
a 1% solution at a rate sufficient to keep the heart rate 
under 100 beats/min. Blood pressure, heart rate, and 
ST-segment changes returned to preoperative levels 
within minutes of beginning the esmolol infusion, 
and surgery was completed uneventfully. 

The esmolol infusion was continued in the recov- 
ery room at ever decreasing rates until it was discon- 
tinued after 150 min. There was no evidence of 
bronchospasm. Postoperative ECG was unchanged. 
The patient was discharged from the hospital the next 
day after an uneventful recovery. 


Discussion 


The administration of cocaine to the nasal mucosa 
was the unfortunate result of poor communication 
between surgeon and anesthesiologist. The hyperad- 
renergic state that developed in this patient in all 
probability represents the response to both the epi- 
nephrine and topical cocaine administration. It is 
extremely unlikely that the effect of 50 ug of submu- 
cosally injected epinephrine alone could cause the 
cardiovascular effects that lasted for the hours during 
which the patient required treatment. On the other 
hand, the half-life of cocaine in the plasma after nasal 
administration is about 1 hr (7). Its biodegradation by 
plasma cholinesterases is also slower in elderly pa- 
tients. Tachycardia, hypertension, and ‘myocardial 
ischemia are well recognized as cardiovascular effects 
(8). 
Beta-adrenergic blockade has been advocated in 
the management of cocaine toxicity because of its 
“strikingly specific antagonistic effects” (1). Others 
(2) report hypertension resulting from nonspecific 
beta-blockade in cocaine toxicity, presumably as the 
result of unopposed alpha-adrenergic stimulation. 
Labetolol, a combined alpha- and beta-antagonist, 
has been advocated as a solution (3,4). It has been 
suggested, however, that because of the more potent 
beta-blocking than alpha-blocking properties of labe- 
tolol, a possibility exists for “relatively unopposed 
alpha effect” (5). Alternatively, -selective blockers 
have been advocated as a means of avoiding coronary 
arterial and peripheral vascular vasospasm due to 
unopposed alpha-adrenergic stimulation (9). 
Esmolol is an ultrashort-acting f,-selective adren- 
ergic blocker with an elimination half-life of about 9 
min (10). We found it was an attractive choice for the 
treatment of a cocaine-induced hyperadrenergic state 
for many reasons: 1) the patient’s heart rate could be 
gradually reduced without fear of inducing sustained 
bradycardia; 2) the f -selective effects of esmolol 
made it a safer choice for a patient with reactive 
airways disease; 3) other available parenteral or oral 
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beta-blocking agents act for several hours, whereas 
the effects of cocaine could be expected to start to 
wane over an hour or so; and 4) 8,-selective effects 
render hypertension or coronary artery spasm from 
unopposed alpha-adrenergic tone less of a risk than 
with nonselective beta-blocking drugs. 

Surgeons and anesthesiologists should make every 
effort to avoid situations in which epinephrine and 
cocaine are used simultaneously. Should such a situ- 
ation occur and a hyperadrenergic state result, intra- 
venous esmolol has proved effective in managing the 
cardiovascular response. The experience in this case 
leads us to believe that intravenous esmolol would be 
equally effective in the emergenzy room management 
of cardiovascular responses to overdoses of “crack” 
or other forms of cocaine. 
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Many candidates for cardiac transplantation present 
with pulmonary hypertension, and determination of 
acceptability for transplantation depends upon differ- 
entiation of fixed and reactive components of pulmo- 
nary vascular resistance (PVR). Currently, sodium 
nitroprusside (SNP) is widely used to assess the 
degree of pharmacologic reversibility of elevated 
PVR. There is evidence to indicate, however, that 
SNP inhibits hypoxic vasoconstriction and may in- 
crease intrapulmonary shunt fraction (Q./Q;) (1,2), 
responses which could be particularly deleterious in 
patients with limited cardiopulmonary reserve. Con- 
versely, there are data to suggest that prostaglandin 
E, (PGE;), a relatively selective pulmonary vasodila- 
tor, reduces PVR in patients with adult respiratory 
distress syndrome (ARDS) without affecting an al- 
ready elevated Qs/Qy (3). More recent investigation, 
however, has produced conflicting results (4). How 
PGE, influences Q./Q,y in patients with cardiogenic 
pulmonary hypertension but normal gas exchange 
awaiting cardiac transplantation remains unclear. 
The following case report describes the use of PGE, in 
such a patient. It also documents the difference in 
Q./Q; changes when SNP or PGE, were used to 
lower PVR immediately before operation. 


Case Report 


A 43-year-old man with an ischemic cardiomyopathy 
and NYHA class IV symptoms of angina and conges- 
tive heart failure (CHF) presented for cardiac trans- 
plantation. Previous cardiac history was notable for a 
myocardial infarction in the distant past with devel- 
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opment of a left ventricular aneurysm which was 
resected 3 years before admission. Postoperatively, 
the patient continued to have angina and developec 
episodic CHF. Medical history was otherwise notable 
for a 30 pack-year (average of 1 pack a day for X 
years) smoking history. 

The patient was initially admitted to the hospital € 
weeks before transplantation with recurrent CHF. 
After initial treatment and stabilization, a diagnostic 
right heart catheterization determined the baseline 
PVR to be 300 dyne-sec-cm~”; this value fell tc 
approximately 200 dyne-sec-cm™” during SNP infu 
sion. Qs/Qr was not measured. The patient remained 
hospitalized for management of persistent CHF unti 
transplantation. Medications at the time of surgery 
included amrinone (10 wg-kg~*-min™*), furosemide 
(20 mg each morning), digoxin (0.25 mg each morn- 
ing), and isosorbide dinitrate, which had been dis- 
continued on the day of surgery and replaced witt 
nitropaste. All oral medications had been adminis- 
tered 8 to 12 hr before surgery, as had a single 50-m¢ 
dose of captopril. Amrinone infusion was continuec 
at 10 ug-kg~?-min~? until institution of cardiopulmo- 
nary bypass. 

In order to document continued pulmonary vascu: 
lar suitability for transplantation, a second right hear 
catheterization was performed immediately before 
acceptance of the donor organ as part of a standarc 
institutional protocol. After establishing venous anc 
arterial access, the patient was sedated with intrave 
nous midazolam (total dose 5 mg) and morphine 
(total dose 10 mg). Baseline arterial blood gas ten: 
sions while breathing room air were pH 7.39, Po, 8 
mm Hg, and Pco, 37 mm Hg. The patient was ther 
given face-mask oxygen (6 L of flow—approximate 
Fi, 0.4), which was not altered throughout the entire 
period of observation. A pulmonary arterial (PA 
catheter capable of atrioventricular (AV) sequentia 
pacing was placed percutaneously via the left interna 
jugular vein. Monitored hemodynamic variables in 
cluded continuous systemic arterial, PA, and righ 
atrial (RA) pressures, heart rate, and intermitten’ 
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Table 1. Comparative Responses to Vasodilator Infusion of Sodium Nitroprusside (SNP) and PGE, 


SNP SNP PGE, 
Baseline (1.75 ug-kg~?-min~!) off (70 ng-kg~?-min~!) 
HR (beats/min) 92 96 93 92 
mPAP (mm Hg) 48 36 45 35 
PCWP (mm Hg) 24 22 23 23 
mAP (mm Hg) 80 72 82 68 
RAP (mm Hg) 13 7 11 8 
CO (L/min) 3.01 5.12 3.15 4.80 
PVR (dyne-sec.cm~°*) 638 219 559 200 
SVR (dyne-sec-cm~°) 1781 1016 1803 1000 
Pao, (mm Hg) 142 68 110 99 
Paco, (mm Hg) 36 37 37 38 
Pvo, (mm Hg) 39 50 42 49 
Q./O, (%) 6 51 13 18 


Hemodynamic, blood gas, and intrapulmonary shunt (Q./Q,) data before and during infusion of sodium nitroprusside (SNP) or prostaglandin E, (PGE)). 


HR: heart rate; mPAP: mean pulmonary arterial pressure; PCWP: 


as: 


Qs/Qr = 
where: C.O, = (1.39 x Hgb) $,0, + (0.0031 + P,O3) 
C,O2 = (1.39 x Hgb) S.O, + (0.0031 + P,O,) 
C,O, = (1.39 x Hgb) S,O, + (0.0031 + P.O.) 
P,0;—from alveolar gas equation. 


measurements of thermodilution cardiac output (CO) 
and pulmonary capillary wedge pressure (PCWP). 
Arterial and venous blood analysis was performed 
with Instrumentation Laboratories’ 1306 pH/blood 
gas analyzer and 482 Co-oximeter. 

After a 10-min stabilization period, hemodynamic 
measurements were made and baseline arterial and 
mixed venous blood samples were obtained. Hemo- 
dynamic variables, blood gas data, calculated vascu- 
lar resistances, and Q./Q; are shown in Table 1. 
Nitroprusside was then infused incrementally 
through the PA catheter introducer (maximal dose 
1.75 wg-kg-'-min™') until PVR had been reduced to 
approximately 200 dyne-sec-cm ° (Table 1). Despite 
an increase in Pvo,, arterial Po, decreased to 68 mm 
Hg from 142 mm Hg. SNP infusion was therefore 
discontinued and hemodynamic variables allowed to 
return to near baseline levels. 

To determine if pulmonary vasodilation with an- 
other agent would more favorably maintain gas ex- 
change, after a 15-min stabilization period (projected 
urival time of the donor organ prevented waiting 
onger), PGE, was incrementally infused through the 
2A catheter introducer until PVR had been reduced 
‘0 a similar level as that obtained with SNP (Table 1). 
[he final PGE, dose was 70 ng-kg`t-min™!. Unlike 
INP, PGE, did not dramatically alter either arterial 
°0, or Qs/Qr. Due to the favorable hemodynamic 
ind respiratory responses, PGE, infusion was main- 
ained during induction of anesthesia and continued 


pulmonary capillary wedge pressure; mAP: mean systemic arterial pressure; 
atrial pressure; CO: cardiac output; PVR: pulmonary vascular resistance; SVR: s 


C.O> 


RAP: right 


ystemic vascular resistance; Q</Qr: intrapulmonary shunt fraction—calculated 


Co; — 


CO: 
=O, 


throughout the entire perioperative period. Cardiac 
transplantation was successful, and the patient was 
discharged from the hospital on the 14th postopera- 
tive day. 


Discussion 


Prostaglandin E, is a monoenoic eicosinoid produced 
endogenously in small quantities by the cyclooxygen- 
ation of dihomo-y-linolenic acid (5). The compound 
has antiinflammatory, antiplatelet, and cardiovascu- 
lar effects and has been used extensively in pediatrics 
to maintain patency of the ductus arteriosus in pa- 
tients with ductus-dependent congenital heart dis- 
ease (5). In adults, PGE, has been used in the 
treatment of pulmonary hypertension from a variety 
of causes (6), left ventricular failure secondary to 
acute myocardial infarction (5), peripheral vascular 
disease (7), Raynaud’s disease (8), and ARDS (3). 
PGE, also effectively reduces right ventricular after- 
load and improves pump function after mitral valve 
replacement or cardiac transplantation (9,10). 

The relative selectivity of PGE, for the pulmonary 
circulation lies in the high degree of extraction/ 
metabolism (approximately 80-85%) of the compound 
that occurs in pulmonary arterial blood during a single 
pass through the lungs (5). Systemic hypotension can, 
however, occur when large doses are administered. 

Although studies in a hypoxic animal model indi- 
cate an increase in Qs/Qr during PGE, infusion (11), 


my 
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this does not appear to be true for normal human 
subjects (12). In critically ill patients with impaired 
gas exchange and elevated PVR, PGE, has been 
reported both not to change (3) and to increase (4) 
Qs/Qr. It has been our clinical impression that PGE, 
used intraoperatively to treat pulmonary hyperten- 
sion does not alter Pao,. The patient presented here 
is representative of many transplant candidates in 
that a long history of cigarette smoking imposes 
reduced pulmonary reserve on top of cardiac dys- 
function. In such patients it is particularly necessary 
to maintain optimal oxygenation at all times, espe- 
cially during induction of general anesthesia. 

The ability of SNP to inhibit hypoxic vasoconstric- 
tion and increase Q./Q,y is well documented (1,2), 
and the decrease in this patient’s Po, during SNP 
infusion was not unexpected. The magnitude of the 
decline, however, was greater than anticipated and 
thus prompted us to consider using another pulmo- 
nary vasodilator. It should be noted that Q./Q; was 
calculated with a standard formula which is most 
accurate when an FI, of 1.0 (i.e., while intubated) is 
assured (13). Based on published guidelines (14), we 
have assumed a continuous FI, of 0.4 in calculating 
Q./Q; in this patient. We have also assumed that 
minute ventilation remained relatively constant as 
evidenced by minimal change in Pco,. Thus, while 
the relative changes in Qs/Qr produced by SNP and 
PGE, are apparent, the absolute values should prob- 
ably be regarded as estimates. 

Both SNP and PGE, were effective in demonstrat- 
ing the reversibility of this patient’s elevated PVR. In 
fact, both drugs, at the doses given, produced similar 
pulmonary and systemic vascular responses and in- 
creases in CO and Pvo,. The only clear difference was 
a decrease in Pao, and an increase in calculated 
Q,/Q,; during SNP infusion. In contrast, Prielipp et 
al. (15) found in a sheep model of noncardiogenic 
pulmonary hypertension that despite roughly similar 
reductions in right and left ventricular afterload, 
PGE, increased CO, Pvo,, and Q./Qy while SNP had 
no effect. The authors speculate that the potent 
venodilating action of SNP may have limited venous 
return and prevented an increase in CO. Increases in 
mixed venous Po, and CO have been shown inde- 
pendently to increase Q./Q, (16). Thus the increase 
in Q./Q; produced by PGE, and not by SNP in the 
sheep model of pulmonary hypertension may be the 
result of their differential effect on CO and Pvo,. 

Our findings suggest that PGE, may be a better 
alternative to SNP in the preoperative evaluation of 
patients for cardiac transplantation. Furthermore, 
PGE, may represent a valuable adjunct to optimizing 


cardiac function while maintaining oxygenation, pai 
ticularly in those patients with limited cardiopulmc 
nary reserve, before induction of anesthesia. 


The authors wish to thank Drs. Carey I. Weiss and Demetrios C 


Lappas for reviewing this manuscript. 
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Automatic digital noninvasive blood pressure (NIBP) 
monitors have become commonly used during anes- 
thesia within the past 10 years. The majority of these 
are oscillometric units that require the intermittent 
inflation of a cuff applied to the proximal arm. During 
the time the cuff is inflated, intravenous access and 
pulse oximetry monitoring on the same arm are essen- 
tially precluded. This limitation can be significant 
during surgery where only one arm is available. We 
observed that a small (neonatal) cuff applied to the 
adult thumb seemed to function well as a way of 
measuring oscillometric blood pressure. We now re- 
port the quantitative performance of a neonatal blood 
pressure cuff applied to the thumb when used for the 
noninvasive monitoring of blood pressure in adults. 


Methods 


With permission of the Institutional Review Board 
ind after obtaining written informed consent, 21 
datients who required a radial intraarterial catheter 
or anesthetic management in general surgery were 
elected. In each patient, a Dinamap Model 1846 SX 
scillometric blood pressure monitor was connected 
ising a neonatal cuff and hosing (supplied with the 
Jinamap instrument) applied to the thumb. A 
ypacelabs Model 511 invasive monitor was used to 
neasure invasively arterial pressure via a 20-gauge 
adial arterial catheter in the wrist contralateral (1) to 
he thumb cuff connected to a Gould disposable 
ransducer. The bladder of the neonatal cuff was 
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applied to the volar surface of the thumb. Proper 
sizing of the cuff was guided by “range” markings on 
the inside of the cuff that indicate correct fit. Most 
patients required the “#2” cuff (2.8 cm wide x 
4.3-8.0 cm). 

Noninvasive oscillometric blood pressure determi- 
nations were first performed bilaterally to exclude 
patients with blood pressure differences between 
arms due to anatomic factors. An adjustable damping 
device was inserted into the arterial monitoring sys- 
tem if indicated (2). All systems had a resonant 
frequency =25 Hz. 

Data were collected from the serial communica- 
tions ports on each monitor into a computer running 
automatic data acquisition software recording every 
20 sec. Oscillometric readings were initiated by the 
computer every 2 min for 1 hr. The data were manu- 
ally screened for obvious artifacts, mainly due to 
arterial catheter manipulation and sampling of arterial 
blood, although the noninvasive pressure occasionally 
(1 reading/hr) read zero. These data were excluded 
from statistical analysis, because the problem was 
uncommon and apparently random, and it would be 
obvious to the observer that these were artifacts. 

Precision (mean absolute value of error) and bias 
(mean error) were calculated for systolic, diastolic, 
and mean oscillometric pressures using digital inva- 
sive pressure as the reference value (3). Briefly, for 
systolic pressure, for each data point “i,” 

ERROR; = SYSTOLIC, inometric — SYSTOLIC 


arterial’ 


And then for grouped data (Table 1), 


BIAS stoic = 2, ERROR\n, 
i=] 
n 


PRECISION, stolic. = X IERROR;l/n. 
i=1 
The same calculations were made for diastolic and 
mean pressures. Data points were taken whenever a 
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Table 1. Pooled Precision and Bias for Thumb 
Oscillometric Blood Pressure Variation with Invasive 
Pressure Range 


Percent 
Range (mm Hg) Precision Bias error 
Systolic 
All 10.8 —3.9 8.4 
60-89 6.7 —0.8 8.3 
90-119 8.6 1.5 7.9 
120-149 10.4* —4.0 7.9 
150-179 16.3* —16.3 10.1 
180+ 28.1" —28.1 14.6 
Diastolic 
All 8.3 0.2 12.7 
40—49 8.6 2.0 18.5 
50-69 7.9 —1.0 12.9 
70-89 9.0 1.3 11.8 
90+ 10.7 6.4 10.6 
Mean 
All 10.8 —3.9 10.2 
50-69 7.1 —1.1 11.4 
70-89 8.4 Yi 10.3 
90-109 9.8* 0.5 10.0 
110-130 11.2* —6.7 9.7 
130+ 12.2 0.2 8.8 


*A significant (P < 0.05) difference from the lowest pressure range. 


new oscillometric reading became available (every 2 
min). Changes in precision and bias as a function of 
pressure were evaluated by dividing data points into 
five (systolic and mean) or four (diastolic) pressure 
groups based upon arterial pressure and t-testing 
each group against the group with the best (smallest) 
precision. Differences were considered significant if 
the mean values differed by more than 5 mm Hg and 
the P-value was less than 0.05. “Percent error” was 
calculated for each data point by dividing the preci- 
sion by the arterial pressure. Patients were queried 
upon initiation of oscillometric pressures and postop- 
eratively in the recovery room regarding any discom- 
fort or paresthesia. 


Results 


Twenty-one patients were studied, and data from 20 
were analyzed. The one patient excluded had no 
measurable thumb pressure due to a thrombosed 
radial artery. Patient ages ranged from 21 to 84 years 
(mean = 57). The first 25 data sets (50 min) from each 
patient were selected for analysis, since this repre- 
sented anesthetic induction, where blood pressure 
transients were likely. There were no complications 
or discomfort associated with the use of the thumb 
cuff. 
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Figure 1. Pooled precision (mean absolute error) for all patients 
all pressure ranges. “ARM” (Brachial) data from previous stu 
(4). 
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Figure 2. Pooled bias (mean error) for all patients in all presst 
ranges. “ARM” (Brachial) data from previous study (4). 


Pooled precision and bias data are shown in Fi 
ures 1 and 2. In many patients, the magnitude of tl 
bias was similar to that of the precision, suggesti 
that a consistent error was occurring. In other p 
tients, however, the magnitude of the bias was mu 
smaller than the precision, indicating that the inacc 
racy was bipolar and perhaps random. 

Systolic precision was best at lower pressures, al 
deteriorated as arterial pressure increased (Figure 
and Table 1). The worst (largest) systolic precisic 
values (16 and 28 mm Hg) were obtained for the tv 
groups with invasively measured systolic pressu 
2150 mm Hg. The magnitude of the bias in the tv 
worst groups was the same as the precision, sugge: 
ing consistent underestimation of arterial pressure 
the source of the error. The best (smallest) systo 
precision (7, 9, and 10 mm Hg) occurred in the thr 
groups with invasively measured systolic pressu 
<150 mm Hg. Displaying the precision in terms 
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“percent error” (Figure 3 and Table 1) still demon- 
strated a larger error in the two groups with inva- 
sively measured systolic pressure >150 mm Hg. 
The diastolic precision did not differ significantly 
among the four diastolic pressure groups and was 
approximately 10 mm Hg with negligible bias (Table 
1). Diastolic “percent error” was approximately 13%. 
Not surprisingly, precision and bias for the mean 
pressure fell between the corresponding systolic and 
diastolic values. We did not find any clinically signif- 
icant differences among mean pressure groups. 


Discussion 


The pooled results of this study as well as those of 
our previous study (4) measuring similar data for 
brachial noninvasive blood pressure with the same 
monitor are both presented in Figures 1 and 2 for 
comparison. In general, placement of a neonatal cuff 
on the thumb connected to an unmodified Dinamap 
Model 1846 SX oscillometric monitor produces blood 
pressure values that reflect invasive arterial pressure 
as well as or better than conventional arm placement. 
Both methods are reasonably accurate at “normal” 
pressures, but performance deteriorates in hyperten- 
sive individuals (Figure 3 and Table 1), with predict- 
able underestimation of systolic arterial pressure. 
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Figure 3. Variation of systolic ‘precision and bias for 
thumb oscillometric pressure as a function of invasive 
arterial pressure (IAC). *Percent error” (see text), D = 
precision, W = bias. 





> 180 


This observation is consistent with the findings of 
Loubser (5) for brachial oscillometric pressure. The 
accuracy of the thumb cuff oscillometric method was 
not evaluated in this study durng severe hypoten- 
sion. 

Interference with ipsilateral pulse oximetry and 
intravenous access is eliminated by use of a thumb 
cuff, and there is no significant patient discomfort. In 
addition, the Dinamap Model 1846 5X obtains read- 
ings considerably more rapidly from the thumb than 
it does from the arm, since the air volume of the cuff 
and tubing is much smaller than that of a standard 
brachial cuff. 
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Many diverse recommendations for the treatment of 
reflex sympathetic dystrophy (RSD) have been of- 
fered in the past few years. It is now apparent that 
early aggressive treatment is an important key to 
successful treatment. Although the mechanism caus- 
ing RSD remains unknown, sympathetic blockade 
with local anesthetics is the foundation of manage- 
ment. In the past year we have treated seven patients 
with severe upper limb RSD by giving daily injections 
of 30 mL of 0.5% bupivacaine with epinephrine (5 
ug/mL) through an interpleural catheter percutane- 
ously inserted through the fourth intercostal space. 


Methods 


Seven patients with the diagnosis of RSD of the 
upper extremity entered into the treatment program 
as outpatients. Each patient met at least five of the 
most important clinical RSD criteria: allodynia or 
hyperpathia, edema, burning pain, sweating changes, 
color or hair growth changes, skin atrophy, tempera- 
ture changes, and radiographically verified deminer- 
alization. A history of previous surgical or accidental 
trauma to the affected extremity was elicited from all 
patients. Neurological examinations showed no evi- 
dence of peripheral nerve damage in any patient. 
Because of the disappointing results of previous 
treatment regimens, interpleural catheters were in- 
serted percutaneously after obtaining written in- 
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formed consent from all patients. Each patient rate 
their pain using a verbal analogue pain scale from 0t 
10 with 0 as pain-free and 10 reflecting the wor: 
imaginable pain. Pain scores were elicited before eac 
injection of local anesthetic, every minute for the fir: 
10 min after injection, and on return of pain when th 
effect of the local anesthetic wore off. Using th 
previously described method, a 16 SWG epiduri 
catheter was inserted through the fourth intercosti 
space a distance of 6-10 cm (1). A sterile plast 
dressing and micropore filter were attached. With th 
patient in the lateral decubitus position with th 
affected side up and the head down 20°, 30 mL « 
0.5% bupivacaine with epinephrine (5 pg/mL) we 
injected over 6 min after negative aspirations fc 
blood and air. Thirty minutes after each interpleuri 
injection of local anesthetic the patients were teste 
for sympathetic blockade of the upper limb by me: 
suring changes in skin temperature in the hand an 
observation for ipsilateral Horner’s syndrome. To te: 
the effect on the brachial plexus we tested sensor 
function in cutaneous dermatomes using a pin pric 
and cold swab to determine the extent and degree « 
analgesia. A physiotherapist tested muscle strengt 
and joint range of motion for the major muscles of th 
shoulder and upper extremity. To test for abolition ¢ 
sweating we used the cobalt blue filter paper test. Th 
test paper was placed on a clean surface and th 
patients pressed their palms to the paper resulting i 
a pink pattern on the nonaffected side and no col 
change on the affected side. Blood pressure, hea 
rate, and respiration were monitored by a traine 
nurse for 1 hr after each injection. 

A chest x-ray was taken 2 hr after insertion of th 
interpleural catheter to rule out pneumothorax. Th 
patients were informed about the symptoms of 
pneumothorax and told to come to the emergenc 
room immediately if any symptoms developed. A 
pain medications were discontinued during trea 
ment. We used what we call a steady state techniqu 
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Table 1. Patient Characteristics 
Duration Initial 


Patient Sex Age of pain pain 


No. (M/F) (years) Injury (months) score* 
1 M 3 Humerus fracture R 7 9 
2 M 53 Humerus fracture L 4 10 
3 F 71 Humerus fracture R 23 10 
4 M 45 Humerus fracture R 3 10 
5 M 35 Cervical rib resection R 2 10 
6 F 48 Soft tissue injury 3 10 

R arm 
7 M é Soft tissue injury 2 9 
R arm 
Mean 50.1 6.3 9.7 


SD 12.7 7.6 0.5 


“Pain score based on initial verbal analogue report before treatment. $D: 
standard deviation. 


A patient is said to be in a steady state when his or 
her pain is no longer decreasing in spite of repeated 
interpleural injections. All patients received a daily 
injection on each of 5 days after they were pain-free 
or had reached a steady state. 


Results 


Patient characteristics are described in Table 1. Before 
visiting our pain clinic patients 1, 3, and 6 had 
achieved only temporary relief from repeated stellate 
ganglion blocks. Patient 7 had several previous intra- 
venous guanethidine blocks with poor results. All 
patients were using high doses of potent analgesics, 
including narcotics in some instances. Sleep patterns 
were disrupted in all patients, and six were unem- 
ployed. 

All the patients developed a profound sympathetic 
block of the ipsilateral upper extremity immediately 
after the first injection. The temperature of the af- 
fected limb increased 3° to 9°C in all patients, with the 
largest temperature increase in the patients with the 
lowest starting temperature. The increase in skin 
temperature and the relief of pain were associated 
with abolition of sweating and an ipsilateral Horner’s 
syndrome after every injection. The Horner's syn- 
drome developed 15 to 45 min after the injection and 
lasted 6 to 8 hr. Five to seven minutes after the start 
of the injection three patients were completely pain- 
free, three had minimal pain, and the patient with the 
longest duration felt that her pain was only half as 
bad as before the injection. Pain relief lasted for 10 to 
22 hr. When the pain did return as the block wore off, 
it was at a significantly lower level than before the 
treatment with interpleural injection in all patients. 

The interpleural injections also blocked portions of 
the ipsilateral brachial plexus. Hypesthesia in all 
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Table 2. Pain Scores During and After Treatment 


Patient PSp Onset Duration PS PS FU 
No. Ist (min) (hr) return #Inj final (months) 
1 0 7 10 5 15 2 9 
2 0 6 22 2 1 0 10 
3 5 6 8 7 1¢ 4 8 
4 3 5 12 5 10 1 4 
5 2 7 12 5 14 1 5 
6 1 7 16 4 1é 0 6 
7 0 6 18 3 14 0 5 
Mean 15 6.3 14 44 142 1.1 6.7 
SD 1.9 0.8 4.9 1.6 2.6 1.4 2.3 


PS p 1st: verbal analogue pain score after frst injection, maximum relief 
achieved; onset time to maximum relief in minutes after interpleural 
injection; duration in hours of pain rellef afer first injection; PS return: 
verbal analogue pain score on return of pain after first injection; PS final: 
final verbal analogue pain score after completion of treatment cycle; FU: 
duration of follow-up in months; sp: standard deviation. 


dermatomes from C3 to T1 with a reduced muscular 
strength developed after each injection. This per- 
sisted for up to 14 hr. All patients initially had severe 
limitation of shoulder and elbow movements, but 
after each block rigorous physiotherapy of these 
joints could be easily performed wi-hout pain. After 
completion of the treatment cycle, all patients with 
one exception had normal range of motion of the 
shoulder and elbow. The female patient with the 
longest duration of RSD befor2 treatment did not 
regain full active and passive range of motion al- 
though she did experience a marked improvement. 
There were no complications related either to the 
catheter, its insertion, or injections of anesthetic 
solutions during the treatment. 

The results were encouraging. During the follow- 
up periods, which ranged from 4 to 10 months, three 
of the patients were completely pain-free; three had 
only minimal pain requiring no medication; the last 
patient with the most severe upper limb RSD had a 
steady state pain that could be treated with minor 
analgesics and that allowed her to return to a normal 
life (Table 2). The patients were seen at our Pain 
Clinic once a week for the first month, then every 2 to 
3 weeks for the duration of the follow-up period. 
They were told to inform us of any return or increase 
in the pain. All patients have maintained the same 
degree of analgesia, which they reached while under- 
going treatment, during the follow-up period of 10 
months. Six of the patients who were not working 
when they presented for treatment have now re- 
turned to work. 


Discussion 


Several methods have been used fcr management of 
upper extremity RSD. Wang et al. reported good 
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results using repeated stellate ganglion blocks: 74% of 
their 31 patients improved at the time of their 3-year 
evaluation (2). However, patients with an RSD his- 
tory of more than 1 year were excluded from their 
study. Sixteen of 31 patients had only partial or no 
improvement. Two patients had in fact deteriorated. 
Also, their study included 15 patients with peripheral 
nerve injuries. The best results in their study were 
found in patients without nerve injury and with a 
short interval between onset of symptoms and the 
start of treatment. Interscalene blocks have also been 
used in the management of RSD with some success 
(3). Intravenous guanethidine, an adrenergic gangli- 
onic blocker, has also been tried (4). Despite our 
relatively small group of patients and short observa- 
tion time, we believe that our results indicate that 
interpleural analgesia may be very useful in the 
treatment of upper limb RSD. By positioning the 
patients as described with the afflicted side upper- 
most, the local anesthetic solution injected in the 
pleural space should easily diffuse through the me- 
dial surface of the parietal pleura and block the 
cervical portion of the sympathetic chain, including 
the stellate ganglion. However, the stellate ganglion 
is quite variable in size and position and may not 
represent the fusion of the inferior cervical and first 
thoracic ganglia. if it in fact does not, this anatomic 
variation may make it difficult to obtain good results 
when attempting direct blockade of the stellate gan- 
glion. Interpleural catheter analgesia with correct 
positioning of the patients may give a more predict- 
able block of the stellate ganglion and can be repeated 
with reinjection of an indwelling catheter rather than 
reinsertion of a needle near the other structures of the 
neck, including the vertebral artery, the subarach- 
noid space, and the epidural space. Another impor- 
tant detail is that interpleural analgesia as described 
here seems to provide a reasonable blockade of the 
brachial plexus and makes physical therapy during 
the course of RSD treatment possible and more 
tolerable for the patient. 

Our results confirm those of Wang et al. in dem- 
onstrating how important it is to start an aggressive 
treatment program in RSD patients as soon as the 
diagnosis has been confirmed. Delay in referral of the 
patient to the pain clinic makes the treatment more 


ANESTH ANALG 67: 
1989;69:671-3 


difficult and reduces the chances of complete success 
We believe that continuing the interpleural injectior 
for 5 days after complete pain relief or a steady state 
is achieved may contribute to a prolonged duration o. 
relief of pain and disability. Only further trials wil 
show if this theory is correct. 

Seven patients with severe upper extremity RSI 
were treated with injections of 30 mL of 0.5% bupiv 
acaine with epinephrine (5 g/mL) using an inter 
pleural catheter placed through the fourth intercosta 
space on the affected side. By positioning the patient: 
in the lateral decubitus position with the affected sid 
up and head down about 20° for 30 min after the 
injection a profound sympathetic block was producec 
in all patients. A partial block of the ipsilateral bra 
chial plexus was also achieved. This resulted in ar 
immediate onset of a significant degree of analgesia 
lasting up to 22 hr, in all patients. Physical therapy 
was performed without difficulty or pain during thi: 
period. The same anesthetic solution was injectec 
daily through the catheter for 10 to 19 days depend 
ing on response. Six of the patients showed complet 
pain relief for 2 to 8 months. All patients regainec 
good joint movements and muscular function in the 
affected extremity. No side effects related to the drug 
or the catheter were noted during the treatmen 
period. Further evaluation will be necessary to deter 
mine the value of this technique in treating RSD. 

Our results are only preliminary, but they seen 
promising. Interpleural analgesia is easy to perform 
it is safe and causes few complications when dom 
correctly. The catheter itself produces only minima 
discomfort for the patient during the insertion. 
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Potential sources of lay public exposure to stored 
oxygen supplies include commercial aircraft decom- 
pression, mountain climbing at high altitudes, and 
emergency medical rescue activities. Hospitalized pa- 
tients are exposed to supplemental oxygen, the most 
commonly used medical gas, from two sources: pipe- 
line supplied oxygen from a central tank storage 
system or gas delivered from small portable cylin- 
ders. Despite reports of central oxygen supply con- 
tamination or misconnections, clinicians usually as- 
sume that the gas source is pure (1-4). Perhaps 
justifiably, even greater reliance is placed on the 
purity of the contents of small oxygen cylinders. 

The standard of care in anesthesia requires moni- 
ring of the inspired oxygen concentration during 
zeneral anesthesia. In some operating rooms, com- 
olex systems, such as the mass spectrophotometer, 
‘epetitively analyze the composition of both the in- 
spired and exhaled anesthetic gas mixture. Outside of 
he operating room, gas monitoring is uncommon, 
xcept for an occasional spot check in intensive care 
inits. Monitoring of cylinder supplied gases during 
ransport ventilation of patients is almost nonexis- 
ent. 

This report details the use of what was subse- 
juently recognized to be a contaminated oxygen 
‘ylinder during transport ventilation of a hospitalized 
satient. A 54-year-old, 120-kg, 163-cm woman pre- 
ented for elective tracheostomy 23 days after hospi- 
alization for an emergency right parietal craniotomy 
o manage an intracerebral hemorrhage. At the time 
f admission, she had a blood pressure of 230/110 mm 
ig. Past medical history was significant for hyper- 
ension complicated by a cerebral vascular accident, 
norbid obesity, and renal failure. 
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The patient, who was comatose and intubated 
throughout her hospitalization, remained ventilator 
dependent and was scheduled for tracheostomy. 
During preoperative transportation to the operating 
room from the neurosurgical intensive care unit, 
monitoring included blood pressure by arterial cath- 
eter, electrocardiogram, and heart rate, as well as 
oxygen saturation by pulse oximetry. Ventilation was 
controlled manually with a Pulmanex bag-valve sys- 
tem with oxygen supplied through a regulator and 
flowmeter from an E size cylinder lying flat on the 
patient's bed. Monitored vital signs were stable 
throughout. 

During the tracheostomy, general anesthesia was 
maintained with fentanyl and vecuronium IV and 
oxygen by endotracheal tube with controlled ventila- 
tion provided by a ventilator equipped anesthetic 
machine using the central oxygen supply. The trache- 
ostomy site was also infiltrated with use of lidocaine 
1% with epinephrine 1:100,000. 

Surgical and anesthetic management was unevent- 
ful. After placement of the tracheostomy and reestab- 
lishment of ventilation with use of the anesthesia 
machine, transport monitors were reconnected. The 
oxygen cylinder and bag-valve system, previously 
used to ventilate the patient during transport from 
the neurosurgical intensive care unit, was again used 
to provide 8 L of gas flow/min. The tank lay horizon- 
tally on the air inflated mattress on the bed. After 
positioning the patient in her bed, electrical power 
was intentionally disconnected and the mattress al- 
lowed to deflate. This resulted in the top of the 
oxygen cylinder becoming dependent. Immediately, 
a rusty colored liquid filled the flowmeter and con- 
necting tubing and flowed into the bag-valve appa- 
ratus. Ventilation continued with use of the anesthe- 
sia machine while a new E cylinder and bag-valve 
system were obtained. The patient was returned to 
the neurosurgical intensive care unit without further 
incident. 

Postoperative assessment revealed no adverse ef- 
fects. The patient was eventually weaned from the 
ventilator and was transferred to a general care area 
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Figure 1. Contaminated cylinder and flowmeter. 


with the tracheostomy still patent. Two months later, 
her condition remained unchanged. Her only re- 
sponse was withdrawal from painful stimuli. Her 
hypertension was controlled by medication, and ar- 
terial blood gas tensions remained satisfactory during 
spontaneous ventilation. 


Analysis of Tank Contents 


The tank, regulator, and bag-valve system were im- 
mediately taken to our Medical Illustration Depart- 
ment where appropriate photographs were made 
(Figure 1). Gas from the cylinder was then analyzed 
by gas chromatography/mass spectrometry (GC/MS) 
with use of purge and trap introduction. No volatile 
organic compounds were found. When the tank was 
inverted, a reddish-colored liquid was collected, one 
sample of which was allowed to stand for 2 days. The 
red coloring settled to the bottom and appeared to be 
rust. Analysis by inductively coupled plasma emis- 
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sion spectrophotometer showed iron levels of 250 
ppm, confirming that the coloration was rust. The 
liquid itself was found to be water by gas chromatog- 
raphy. 

The water was extracted with methylene chloride 
and analyzed by GC/MS. Two organic compounds 
were observed, both at levels below 1 ppm. They 
were 2-butyl cellosolve and caprolactam, both com- 
monly used in formulations of paint and lacquer. 

The interior of the plastic tubing was also extracted 
with methylene chloride and analyzed by GC/MS. 
Organics observed were 2-octanone, n-decanol, BHT, 
isoamyl benzoate, and nonylphenol, all at minute 
levels. The first two are components of paint; the last 
three are antioxidants and/or stabilizers, presumably 
from the tubing itself. The cost of these analyses was 
$1,020.00. 


Discussion 


It is quite clear that a serious complication was 
averted only by a combination of events commonly 
referred to as luck. Had the bag-valve system been 
connected to the patient at the time of bed deflation 
and tank inversion, the patient would almost cer- 
tainly have had this liquid forced into her lungs. If the 
tank had become inverted during transportation 
without a second ventilating system being readily 
available, the patient would have required mouth to 
tracheostomy ventilation, or to avoid the hypoxia 
associated with ventilation at an Fr, of 0.16, would 
have had the liquid unavoidably forced into her 
airway. 

The source of the rusty water is uncertain. The 
supplier of the cylinder (Liquid Carbonic—lot No. 
PAF238H) confirms that the cylinders are filled from 
a bulk source of liquid oxygen. The cylinders, inter- 
nally inspected before filling, are not inverted before 
filling and remain upright during the filling process, 
which uses a manifold system. Every 5 years, the 
tank valve is removed and the interior inspected with 
a fiberoptic viewing device. The other cylinders in 
this lot showed no signs of contamination. Further- 
more, the method of manufacturing and liquefying 
the oxygen removes almost all moisture. The filling 
process does not appear to be the source of the water. 

The supplier suggested that a cylinder connected 
to a humidifier could be contaminated by water 
draining back into the cylinder from the humidifier, 
after the oxygen supply in the cylinder was ex- 
hausted. We are unable to confirm this possibility at 
this time in our hospital. However, because the 
supplier provides cylinders, using a central pool, to 
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several other hospitals in the city, a different style of 
humidifier used elsewhere might have been the 
source of the contamination. 

If this mechanism of contamination were common, 
however, an event such as the one we now report 
would be expected to be known to members of the 
anesthesiology, respiratory care, or central supply 
departments, to have been shown as a warning on 
the cylinder, or to have been described elsewhere. 
This occurrence has not been reported elsewhere and 
was unknown to the personnel in our hospital, which 
purchased 4664 E-cylinders of oxygen in the 12 
months preceding this episode and in excess of 
40,000 in the preceding 10 years. 

Our recommendations for avoiding the circum- 
stances explained in this case report are to 1) request 
the supplier of oxygen cylinders to verify the absence 
of liquid phase contaminants before refilling; 2) avoid 
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the top dependent position for in use oxygen cylin- 
ders; or 3) before patient ventilation, cylinders used 
for transport usage should be inverted with the 
cylinder valve open and the flowmeter set to the 
expected flow rate. 
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Electroconvulsive therapy (ECT) is used to treat se- 
vere psychiatric depression. Various cardiac arrhyth- 
mias have been described during ECT (1,2). This 
report describes the occurrence of large upright T 
waves (Figures 1 and 2) during ECT, which, to our 
knowledge, has not previously been described. 


Report of a Case 


A 68-year-old white male with severe depression 
refractory to oral antidepressants without other sig- 
nificant medical problems was scheduled for ECT. He 
was receiving no medications and his preoperative 
electrocardiogram (ECG) and laboratory data includ- 
ing blood electrolyte levels were within normal limits. 
ECG (lead I) and blood pressure were monitored for 
each of his 10 ECT treatments. The patient was 
preoxygenated, circulation in right arm occluded 
with a blood pressure cuff, anesthesia induced with 
80 mg methohexital, and muscle relaxation obtained 
with 100 mg succinylcholine. The patient was manu- 
ally hyperventilated for 1 min prior to ECT. Concur- 
rent with the ECT-induced right arm seizure, ECG 
(lead Il) showed increased T-wave amplitude (from 6 
mm to 15 mm). No other ECG changes were noticed. 
Hyperkalemia was suspected and venous blood for 
measurement of plasma potassium (K™) was obtained 
(later reported as 4.2 mEq/L). Heart rate and arterial 
blood pressure returned to normal within 3 min after 
the seizure, and the T wave returned to normal after 
another 7 min. During the next treatment of the same 
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patient, blood samples were obtained for measure- 
ment of plasma K* levels to evaluate the possible role 
of K* as the cause of the ECG changes observed. The 
results are shown in Table 1. The patient received a 
total of 10 ECT treatments, and similar increased 
T-wave amplitude occurred during each ECT session. 

Since that observation, we studied 51 additional 
patients undergoing ECT and looked for T-wave 
changes similar to those described in this report. 
Observations were made of 31 female and 20 male 
patients diagnosed with severe depression. None 
was receiving medication and the preoperative ECG 
and serum electrolyte levels were within normal 
limits. The average age of the group was 59 + 11 
years, and each was studied during the initial ECT of 
their series. Concurrent with ECT-induced right arm 
seizure, 11 patients demonstrated an increased T- 
wave amplitude (2 + 0.3 mm to 5 + 0.5 mm) on lead 
II (Figures 3 and 4) lasting for an average of 6 + 1 min. 
No other ECG changes were noted. K* levels were 
not measured in these cases. 


Discussion 


The patient described here illustrates that T-wave 
changes suggestive of hyperkalemia appeared follow- 
ing ECT. 

Increase in the amplitude of T waves occurs with 
K* values of 7 mEq/L (1) and over and is described as 
narrow and tented with widened QRS. Marked hy- 
perkalemia is likely to occur during anesthesia when 
succinylcholine is administered to patients with ex- 
tensive burns, muscle trauma, denervation paraple- 
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Figure 1. Patient A before ECT. Paper speed, 50 mm/sec. 
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Figure 2. Patient A after ECT. Paper speed, 50 mm/sec. 
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Figure 3. Patient B before ECT. Paper speed, 12.5 mm/sec. 


Table 1. Potassium Levels during ECT Treatment in the Patient Described in the Case Report 





Before 30 sec 60 sec 
ECT p sux p sux 
Potassium (mEg/L) 4.3 4.4 4.7 


1 min 2 min 5 min 1) min 15 min 
p ECT p ECT p ECT p ECT p ECT 
4.6 4.2 4.6 4.5 4.6 
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Figure 4. Patient B after ECT. Paper speed, 12.5 mm/sec. 


gia, and prolonged immobilization. Our patient did 
not suffer from any of these conditions. 

ECT alone is unlikely to cause severe hyperkalemia 
as demonstrated by Valentin et al. (3) who found that 
plasma K* levels increase only by 0.25 mEq/L in 
patients given succinylcholine followed by ECT, 
whereas for patients given succinylcholine without 
ECT the increase averaged 0.1 mEq/L. Our patient 
had similar K* level changes (Table 1). 

Changes in the ST segment and T wave can be 
produced in experimental animals either by stimula- 
tion or destruction of the central nervous system 
(4-6). Stimulation of the ventral hippocampus and 
amygdala in cats produces ST-T-wave abnormalities. 
Yanowitz et al. (5) demonstrated in dogs that direct 
stimulation of the cervical sympathetic nerves short- 
ens the ventricular refractory period and that ablation 
of these nerves lengthens the refractory period. Fur- 
thermore, these interventions were associated with 
ST-T-wave changes. These workers also demon- 
strated that the right cervical sympathetic nerves 
principally influence the refractory periods in the 
anterior ventricular wall, whereas the left sympa- 
thetic nerves mainly affect the posterior ventricular 
wall. In particular, right stellate ganglionectomy or 
left stellate stimulation produce prolonged ST inter- 


vals and increased T-wave amplitude. Left stellate 
ganglionectomy or right stellate stimulation, on the 
other hand, produce T-wave nezativity without mea- 
surable change in the QT interval. Thus, changes in 
sympathetic tone in experimental animals can pro- 
duce ECG effects that resemble <hose seen in patients 
with lesions of the central nervous system. 

Burch (7) et al. have also stressed that the ECG 
changes in cerebral vascular accidents suggest sym- 
pathetic storms resulting from cerebral injury. 

During ECT, discharge of the autonomic nervous 
system is marked. This adrenergic stimulation may 
influence the development of both supraventricular 
and ventricular arrhythmias (8). Similarly, the 
marked adrenergic stimulation may also produce 
T-wave alterations in the ECG. This is conjectural, 
but animal research supports this contention. 

In summary, patients undergoing ECT may exhibit 
increased T-wave amplitude, which can simulate 
hyperkalemia. It is important to measure K* levels 
once to rule out hyperkalemia before starting any 
unnecessary treatment. If the K* blood level is nor- 
mal, it can be assumed in subsequent ECT treatments 
that the increased T-wave amplitude is due to sym- 
pathetic imbalance, and it is unlikely that these ECG 
alterations are of any clinical importance. 
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Aspiration of acidic gastric contents during the peri- 
operative period has been a continuing concern to 
anesthesiologists since the days of Hannah Greener 
(1). The acidity (pH < 2.5) (2) and volume (>25 mL or 
0.3 mL/kg of normal body weight) (3) of gastric 
contents have been suggested as factors associated 
with significant morbidity when aspiration does oc- 
cur. With the recognition of the H, receptor and its 
association with gastric acid production by Ash and 
Scheld (4) in 1966, emphasis has been placed on 
producing newer and safer H,-receptor antagonists. 
Compounds have included burimamide, metiamide, 
cimetidine, and ranitidine. Both cimetidine and ran- 
itidine, despite some untoward side effects (5), have 
withstood the test of time and are still currently 
prescribed for clinical use. The most recent drug to be 
introduced is famotidine, which differs structurally 
from previous drugs by the presence of a guanylthi- 
azole ring. It is 3-20 times more potent than raniti- 
dine with a 30% longer duration of action (6). 

The efficacy of cimetidine and ranitidine in de- 
creasing gastric volume and increasing gastric pH 
and so perhaps providing prophylaxis against aspi- 
ration pneumonitis in surgical patients has been 
shown (7-9). The efficacy of famotidine remains to be 
evaluated. The purpose of this study was to compare 
the effectiveness of famotidine, ranitidine, and pla- 
cebo in reducing gastric volume and gastric acidity in 
outpatients, a group with an increased risk for acid 
aspiration (10). 
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Methods 


Fighty-three ASA physical status 1 and 2 adult out- 
patients scheduled for elective surgery under general 
anesthesia were recruited. Patients with gastrointes- 
tinal disorders were excluded. The study was ap- 
proved by the institutional Internal Review Board for 
Human Research and informed consent was obtained 
from all patients. The patients were divided into five 
groups and for blinding purposes into two sections. 
Section one consisted of groups 1, 2, and 3. Section 
two consisted of groups 4 and 5. Within each section, 
patients were randomly assigned in a double-blinded 
fashion to one of the groups. Patients in group 1 
received an oral placebo, group 2 received one pill of 
famotidine 40 mg, and group 3 one pill of an equipo- 
tent dose (6) of ranitidine, namely, 150 mg. The pill 
was placed in a brown paper envelope and the 
patient was instructed to take the pill on retiring on 
the night before surgery. Group 4 received two pills 
of famotidine 40 mg each and group 5 received two 
pills of ranitidine 150 mg each. These patients were 
instructed to take one pill on retiring the night before 
surgery and one pill on arising the morning of sur- 
gery. Patients received no othe- pr2medications. 

On arrival in the operating room, the patients were 
questioned as to the time their medication was taken. 
The time of anesthesia induction was noted after 
which anesthesia was induced. with thiopental and 
the trachea intubated with use of a muscle relaxant. A 
No. 18 Salem sump tube was then passed into the 
stomach and gastric contents were aspirated into a 
mucus trap. The patients were tilted side to side and 
placed in the 45° head-down position to facilitate 
gastric aspiration. 

The volume of the gastric asp:rate and the pH 
(Cole Palmer Model 5985-75 pH Wand) were deter- 
mined and recorded immediately in the operating 
room. 

Statistical analyses included analysis of variance 
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Table 1. Summary Results 


No. of Height Weight 
Group patients (cm) (kg) 
1 15 162 70 
Placebo (+9.9) (+18) 
2 
Famotidine 15 167 72 
PM (+8.1) (+15.9) 
3 
Ranitidine 15 164 68 
PM (+6.4) (+21.7) 
4 
Famotidine 8 166 60 
PM and AM (+9.1) (+13.2) 
5 
Ranitidine 12 165 74 
PM and AM (£9.6) (+18.5) 


Interval 
from last 
pill (min) 

720 
(+135) 


741 
(+133) 


668 
(+104) 


163 
(+65) 


179 
(+58) 


ANESTH ANALG 


1989;69:680-3 


pH 


2.16 
(+1.7) 


3.8 
(+2.2) 


4,3" 
(+2.1) 


6.2" 
(+1.9) 


6.5* 
(+1.8) 


681 


Volume 
(mL) 


19.9 
(+15.4) 


17.7 
(+14.9) 


17.9 
(+11.7) 


7.8* 
(+7.2) 


11.3" 
(+5.8) 


Height, weight, interval (ime from pill ingestion until sampling), pH, and volume in each group (‘significantly different from placebo [P < 0.05]). Results 


expressed as mean + SD. 


(ANOVA) and Student’s t-test. Results were consid- 
ered significant if P values were <0.05. 


Results 


Sixty-five patients were included in the study. Eigh- 
teen patients were disqualified due to noncompliance 
with protocol or case cancellation, resulting in un- 
even group distribution. There was no significant 
difference between groups in relation to gender, 
height, or weight. Between groups 1, 2, and 3 and 
groups 4 and 5, there were no significant differences 
in the interval from pill ingestion to gastric sampling. 
All patients fasted for at least 8 hr before sampling. In 
two patients, we were unable to obtain gastric vol- 
umes adequate for measurement of pH. Results are 
shown in Table 1. 


Gastric pH 


There were significant differences in gastric pH be- 
tween placebo and groups 3, 4, and 5. Both famoti- 
dine and ranitidine, when an additional dose was 
given in the aM, significantly increased pH to >2.5. 
Ranitidine, but not famotidine, when taken only the 
night before surgery, without a morning dose, signif- 
icantly increased pH when compared with placebo. 
However, when comparing group 2 (famotidine) 
with group 3 (ranitidine), there was no significant 
difference between groups. When comparing group 3 
(PM ranitidine) with group 5 (PM and am doses of 


Table 2. Distribution of High Risk Groups 


No. of 
No. of No. of patients with 
No. of patients with patients with pH <2.5 and 
Group patients pH <2.5 vol >25mL vol >25 mL 


Placebo 15 13/15 6/15 5/15 


Famotidine 15 7/14" 5/15 3/15 
Ranitidine 15 4/15 5/15 2/15 


Famotidine 8 1/7* 0/8 0/8 
PM and AM 


5 
Ranitidine 12 1/12 0/12 0/12 
PM and AM 


Values are actual number of patients in each group. “Inadequate volume 
to measure pH in one patient in group. 


ranitidine), the double dose regimen was signifi- 
cantly more effective. The numbers of patients with 
pH <2.5 are shown in Table 2. Figure 1 depicts the 
percentage of patients in each group with gastric pH 
<2.5. 


Gastric Volume 


The two groups (groups 4 and 5) receiving AM and PM 
doses had significantly reduced gastric volumes 
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Fi 1. Percentage of each group with gastric pH <2.5 (*signi- 
ficantly different from placebo, P < 0.05). 


when compared with placebo. All patients in these 
two groups had volumes <25 mL. However, there 
was no difference between control and groups 2 and 
3 who took only one dose the night before. The actual 
numbers of patients with gastric volumes >25 mL are 
shown in Table 2. Figure 2 illustrates the percentage 
of patients in each group with gastric volumes >25 
mL. 


Time Intervals 


No significant regression correlation between interval 
and pH was found when combining famotidine 
groups (2 and 4) or ranitidine groups (3 and 5). 
However, when combining both ranitidine groups 
(groups 3 and 5), ranitidine was found to be effective 
for up to 12 hr after ingestion. 


Discussion 


Aspiration pneumonitis secondary to gastric content 
regurgitation and aspiration is a recognized compli- 
cation of anesthesia. This syndrome has been shown 
in animal studies to be associated with gastric vol- 
umes >25 mL (3) and a gastric pH <2.5 (2). There- 
fore, multiple agents have been tried in humans to 
decrease gastric acidity and gastric volumes in an 
attempt to decrease hypothetically the incidence of 
aspiration and severity of pneumonitis if aspiration 
does occur. These agents have included particulate 
antacids, nonparticulate antacids, anticholinergics, 
dopaminergic inhibitors (metaclopramide), and H,- 
receptor antagonists cimetidine and ranitidine. How- 
ever, the converse, gastric volumes <25 mL or gastric 
pH >2.5 has-never been proved in humans to either 
decrease the fréquency of pulmonary aspiration or 
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Figure 2. Percentage of patients with volumes >25 mL (*signi- 
ficantly different from placebo, P < 0.05). 


decrease the intensity and magnitude of pneumonitis 
resulting from such aspiration. 

The most recent addition to this armamentarium is 
famotidine (Pepcid/MSD), a new competitive H,- 
receptor antagonist that is 30-190 times more potent 
than cimetidine and 3-20 times more potent than 
ranitidine (6). After oral administration, peak levels 
are obtained in 1-3 hr with antisecretory effects 
lasting up to 12 hr (6). The advantazes of the new H, 
blocker were to improve safety and to prolong the 
duration of action when comparec. with cimetidine. 
Cimetidine, with an overall good safety record, has 
been implicated in causing multiple side effects with 
the most significant being hypotension, cardiac ar- 
rhythmias, cardiac arrest, central nervous system 
(CNS) disturbances, bronchoconstriction, and drug 
interactions with theophylline, warfarin, and pheny- 
toin (5). Ranitidine has also been associated with CNS 
changes and some hepatotoxicity (5). Famotidine has 
a few reports (5) of CNS chanzes but is too new to 
have significant side effects evaluated. Famotidine 
with its prolonged duration of action and high ther- 
apeutic index appeared to be an attractive alternative 
to the other drugs available. 

Our study reconfirmed previous work (7,10) show- 
ing that outpatients have a high gastric volume and a 
low gastric pH. Our gastric vclumes were less than 
those reported by Ong (10) probably secondary to 
different quantification techniques. Our approach of 
measuring gastric aspirate may underestimate true 
gastric content as determined by dye dilution but 
allows comparison between groups. 

Studies evaluating cimetidine (9) and ranitidine (7) 
have found both to be effective in reducing gastric 
volume and acidity preoperatively. All of these stud- 
ies involve the use of either a PO, IM, or IV dose of 
the medication the morning of surgery. We initially 
assumed that famotidine, with ics longer half-life, 
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would offer prolonged protection over cimetidine or 
ranitidine and thus be amenable to a single dose the 
night before anesthesia. We were able to show that 
with a dose at night and one in the morning, famo- 
tidine was as effective as ranitidine in decreasing 
gastric volume and acidity. 

The study showed that ranitidine, despite its 
shorter elimination half-life, appeared to have a sig- 
nificantly longer effect at decreasing gastric volume 
and gastric acidity, even up to 12 hr after administra- 
tion. This is reflected in the lack of significant differ- 
ence between the ranitidine groups when evaluating 
intervals of <12 hr. This is significantly longer than 
Francis (8) who reports up to 8.5 hr of protection. The 
additional protection, however, provided by the sec- 
ond dose in the AM would suggest the continued use 
of this regimen. The lack of prolonged protection 
with famotidine may represent different pharmacoki- 
netic or pharmacodynamic responses in healthy sur- 
gical outpatients when compared with duodenal ul- 
cer patients with high acid secretion. 

In summary, we have shown that outpatients have 
a high gastric volume and a low gastric pH. A single 
dose of an H, blocker the night before surgery is 
inadequate to provide a prolonged decrease in gastric 
volume and acidity. An additional dose the morning 
of surgery to supplement the evening dose remains 
the optimal method to decrease gastric volume and 
acidity and hopefully provide some protection from 
aspiration pneumonitis. 
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An Anaphylactic Reaction to Fibrin Glue 
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Cryoprecipitated fibrinogen, or fibrin glue, is among 
the newest technologic advances in the control of 
persistent bleeding during surgery. It duplicates the 
process of the final stage of normal coagulation. Like 
epoxy, fibrin glue is prepared from two components, 
bovine thrombin and human fibrinogen, which, 
when combined, produce a clot. Fibrin glue has been 
used for sealing suture holes, especially at vascular 
anastomoses; for sealing large oozing surfaces com- 
mon in plastic surgical reconstruction; for sealing 
tracheal or esophageal anastomoses (1); for sealing 
persistent air leaks from lung lacerations (2) or bron- 
chopleural fistulae (3); for sealing porous vascular 
prostheses; for hemostasis after tooth extraction; for 
connecting bone grafts during reconstructive otologic 
procedures; and for reconstructive nerve grafting. In 
most instances, the fibrinogen component of fibrin 
glue is prepared specifically from blood components 
taken from the patient who is to receive it in order to 
avoid the risk of transmission of viral diseases. This 
requires anticipating surgery at least 2 days in ad- 
vance so that autologous blood can be drawn and 
prepared. The fibrinogen obtained from the patient's 
plasma (1 mL for every 100 mL of whole blood) is not 
pure and may include other clotting factors such as 
Factor XIII, which is responsible for the formation of 
the final fibrin polymer and immunoglobulins. At the 
time of surgery this fibrinogen is then mixed with 
bovine thrombin to produce a clot. The clot adheres 
to the necessary tissues, bone, or nerve within sec- 
onds but is then slowly reabsorbed in approximately 
10 days by fibrinolysis. In some instances fibrin glue 
may be prepared with fibrinogen from single donor 
fresh frozen plasma, or cryoprecipitate, or with fresh 
frozen plasma obtained from pooled homologous 
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blood donations. This report describes an anaphylac- 
tic reaction to fibrin glue made from homologous 
fresh frozen plasma by a patient, later found to have 
IgA deficiency and a high titer of class-specific IgA 
antibodies. 


Report of a Case 


A 57-year-old male with a persistent bronchopleural 
fistula was scheduled for closure of the bronchopleu- 
ral fistula with fibrin glue and obliteration of the left 
pleural cavity with latissimus dorsi muscle and pec- 
toralis major muscle flaps. Previous surgeries in- 
cluded bilateral femoral artery bypass grafts; carotid 
endarterectomy; a left upper lobectomy for pneumo- 
nia with cavity formation, which was complicated by 
a chronic left bronchopleural fistula; lung decortica- 
tion and attempted closure of the bronchopleural 
fistula with a serratus anterior muscle transfer; and 
an open bronchopleural window for persistent em- 
pyema and bronchopleural fistula. His past medical 
history included chronic obstructive lung disease and 
hypertension. During one previous surgery the pa- 
tient had received blood intraoperatively after which 
he became hypotensive to a systolic blood pressure of 
80 mm Hg and bradycardic to 45 beats/min. He was 
successfully treated with mephentermine and the rest 
of his perioperative course was uneventful. He was 
known to be allergic to intravenous (IV) contrast 
dyes. The patient’s blood group was B, Rh positive, D 
positive. His routine medications included Bactrim 
for the chronic empyema and aspirin. All laboratory 
values were within normal limits. The patient re- 
ceived no premedication. Routine monitoring and IV 
and radial arterial catheters were placed preopera- 
tively. Following induction of anesthesia with thio- 
pental, and increasing concentrations of isoflurane in 
50% nitrous oxide with spontaneous ventilation, the 
patient’s trachea was intubated with a right-sided 
double lumen tube the position of which was con- 
firmed by bronchoscopy. The right lung was mechan- 
ically ventilated and the left lung allowed to deflate. 
The surgery consisted of dissecting free latissimus 
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dorsi and pectoralis major muscles, and covering the 
area of the bronchopleural fistula with autogenous 
tissue. 

Fibrin glue was then made by mixing 1 mL cryo- 
precipitated fibrinogen with each 1 mL bovine throm- 
bin. A total of 8 mL fibrin glue was used to cover 
thoroughly the bronchopleural fistula. The pectoralis 
major and lattisimus dorsi muscle flaps were then 
placed in the pleural cavity. During this time the 
patient’s blood pressure, which had been 100 to 120 
mm Hg systolic throughout the procedure, decreased 
to 70 mm Hg systolic, and the heart rate decreased to 
45 beats/min. Two-lung ventilation with 100% oxygen 
was begun. The systolic blood pressure was unre- 
sponsive to fluid transfusion and multiple doses of 
ephedrine (total 50 mg) and atropine (total 0.8 mg) 
and further decreased to 50 mm Hg. The patient was 
then given 1 mg epinephrine and 300 mg CaCl, with 
prompt return of the blood pressure, and a continu- 
ous infusion of epinephrine was started to maintain 
the blood pressure. A gram of hydrocortisone was 
given. The electrocardiogram never demonstrated 
any changes suggestive of myocardial ischemia. A 
pulmonary artery balloon occlusion catheter was 
placed, which demonstrated a pulmonary artery oc- 
clusion pressure of 14 mm Hg and a cardiac output of 
8.0 L/min. The high cardiac output and the normal 
filling pressures indicated that a very low systemic 
vascular resistance was the cause of the hypotension 
rather than myocardial depression or failure. The 
surgery was completed, and the patient was taken to 
the intensive care unit, where he required inotropic 
support (epinephrine) and mechanical ventilation for 
the next 12 hr. There was no further evidence of 
bleeding, and his subsequent recovery was unevent- 
ful. 

Because it was suspected that the patient had 
developed an anaphylactic reaction to the fibrin glue, 
his blood was tested for a possible transfusion reac- 
tion. The patient was found to be IgA deficient and to 
have a moderately high level of class-specific anti-IgA 
antibodies, which could account for the anaphylactic 
reaction. It was recommended that the patient receive 
only blood products from IgA-deficient donors. 


Discussion 


Approximately one or two patients per 1000 experi- 
ence anaphylactic transfusion reactions (4). Antigen- 
antibody reactions involving white cells or red cells of 
the ABO, Rh, Kell, and Kidd systems are the most 
common in clinical practice (4). Of allergic reactions 
to the immunoglobulins, the most common are to 


IgA, which comprises 15% of the circulating immu- 
noglobulins (5). IgA is divided into two subclasses, 
IgA1 and IgA2, the latter subclass being divided into 
two allotypic determinants, A2m(1) and A2m(2) (5). 
Antibodies to human IgA have been recognized since 
1968 (6). The antibodies to IgA are usually of the IgG 
immunoglobulin class (7). These antibodies form an- 
tibody—antigen complexes that fix complement and 
release fragments of complement components C3a 
and C5a. Leukotrienes, the slow reacting substances 
of anaphylaxis, are also generated, and they mediate 
the characteristic anaphylactic symptoms (4). IgE 
antibodies to IgA have also been demonstrated that 
can also cause anaphylactic reactions (8). Anti-IgG 
and anti-IgM antibodies are rarely, if ever, responsi- 
ble for transfusion reactions (9). IgA antibodies have 
been divided into two groups: 1) class-specific anti- 
IgA antibodies found in patients who are totally 
deficient in IgA, and 2) anti-IgA antibodies of limited 
specificity (6). The incidence of IgA antibodies of 
limited specificity depends on the reference popula- 
tion. It is reported to occur in 2% of normal adults, in 
15% of women who have recently given birth (10,11), 
and in 21% of patients who have had multiple tran- 
fusions (6,12,13). If the incidence is defined by any 
measureable titer of anti-IgA antibody of limited 
specificity (<1/8), one study reported a 59% incidence 
in a healthy blood donor population of 1010 (9). 

In a study of 73,569 healthy volunteer blood do- 
nors the frequency of totally absent IgA was reported 
to be 1:886 (14). IgA-deficient individuals have an 
increased incidence of asthma, atopy, recurrent res- 
piratory infections, rheumatoid arthritis, lupus 
erythematosus, and other autoimmune diseases, al- 
though the majority are asymptomatic (4). The pa- 
tient in this report was allergic to IV contrast dyes and 
had a long history of recurrent respiratory infections. 
Although his long smoking history most likely ac- 
counted for his chronic obstructive lung disease and 
lung cancer, his IgA deficiency could have contrib- 
uted to his postoperative complications following his 
original lung lobectomy. 

Prior exposure to an antigen is required to produce 
sensitization via the production of antibodies. Before 
the reported episode it was not known that this 
patient was IgA deficient. It is likely that during his 
previous surgeries he received homologous blood 
products that then sensitized him to subsequent 
exposure. Indeed, the hypotension he experienced 
during his previous surgery may have been a mani- 
festation of a milder allergic reaction to IgA in the 
blood he received rather than a manifestation of 
blood loss as had been assumed. 

The incidence of anaphylactic reactions to IgA in 


blood or blood products is reported to range from 
1/20,000 (15) to 1/47,000 (10) and is much rarer than 
the reported incidence of IgA deficiency. The absence 
of reactions in a majority of the susceptible popula- 
tion remains unexplained. Allergic reactions to IgA 
vary in severity from skin rashes to fatal anaphylaxis 
(7,10). Patients with limited specificity antibodies to 
only a specific subclass or allotype of IgA usually 
develop less severe reactions such as urticaria or 
anaphylactoid symptoms (6). Patients with total IgA 
deficiency and class-specific IgA antibodies will de- 
velop more severe reactions. They become hypoten- 
sive, can develop flushing and rashes (1-3%), and 
may develop respiratory signs such as wheezing and 
cyanosis. Severe hypotension produced primarily by 
systemic vasodilation as evidenced by the low sys- 
temic vascular resistance was the only allergic mani- 
festation of the patient in this report. This type of 
anaphylactic transfusion reaction can be caused by 
even small amounts (16) of any blood products con- 
taining IgA, including whole blood, packed cells, 
plasma, plasma protein fraction, commercial human 
gamma globulin, or immunoglobulins. The only 
blood components that can be safely administered to 
these patients are blood products from IgA-deficient 
donors or red blood cells washed sufficiently to 
remove all donor IgA proteins. Files of IgA-deficient 
donors are maintained by the American Association 
of Blood Banks Rare Donors File, the Irwin Memorial 
Blood Bank in San Francisco, the American National 
Red Cross in Washington, D.C., and the Canadian 
Red Cross in Toronto. 

Treatment for an anaphylactic anti-IgA reaction 
includes stopping the transfusion, administering epi- 
nephrine, and replacing fluid to fill the enlarged 
intravascular space resulting from the generalized 
vasodilation. 
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Effects of Lidocaine, Succinylcholine, and Tracheal Intubation on 
Intraocular Pressure in Children Anesthetized with 


Halothane-Nitrous Oxide 


Louise O. Warner, MD, Don L. Bremer, MD, Patricia J. Davidson, MD, 
Gary L. Rogers, Mp, and Thomas P. Beach, MD 


Key Words: ANESTHETICS, tocat—lidocaine. 
EYE, INTRAOCULAR PRESSURE. NEUROMUSCULAR 
RELAXANTS, SUCCINYLCHOLINE 


Both succinylcholine and tracheal intubation may 
increase intraocular pressure (IOP) in lightly anesthe- 
tized individuals (1,2). Controversy exists concerning 
the relative contributions of succinylcholine or intu- 
bation itself to the increase in IOP (2,3). Because 
increased IOP might further damage the eye with a 
perforating injury (1,3), several drugs to prevent or 
attenuate intraocular hypertension caused by succi- 
nylcholine and intubation have been evaluated, with 
mixed results. Lidocaine pretreatment has been uti- 
lized in at least four studies (3-6), with moderate 
success reported in one (6); most patients were adults 
and all were given thiopental for induction of anes- 
thesia. 

To our knowledge, there has been no pediatric 
study specifically assessing the efficacy of lidocaine 
pretreatment in diminishing the increase in IOP as- 
sociated in adults with succinylcholine and subse- 
quent intubation. Furthermore, there has been no 
such study in patients undergoing an inhalation 
induction. We studied children in whom anesthesia 
was induced with halothane and nitrous oxide (N,O). 
In addition to evaluating lidocaine pretreatment in 
preventing a succinylcholine-induced increase in 
IOP, we determined the effects of either lidocaine 
alone or succinyicholine alone on IOP and separately 
measured the additional effects of intubation on IOP. 
Preextubation measurements were also made. 
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Methods 


This study was approved by the Human Subjects 
Research Committee, and a consent form was signed 
by each parent/guardian. Participants consisted of 75 
ASA physical status 1 outpatients aged 18 months 
through 7 years undergoing surgery to correct stra- 
bismus. All were premedicated orally 1 hr before 
surgery with 0.02 mg/kg of atropine, 0.8 mg/kg of 
promethazine, and 25 mg/kg of chloral hydrate. Sub- 
jects were randomly assigned (by sealed envelopes) 
to one of three groups, and anesthesia was induced 
with halothane and N,O. When a light surgical plane 
of anesthesia had been reached (approximately 7 min 
after mask application), children assigned to group 1 
were given intravenous (IV) lidocaine, 2 mg/kg, fol- 
lowed in 30 sec by a saline placebo; children in group 
2 were given a saline placebo followed in 30 sec by IV 
succinylcholine, 1 mg/kg; and children in group 3 
were given IV lidocaine, 2 mg/kg, followed in 30 sec 
by IV succinylcholine, 1 mg/kg. Laryngoscopy was 
performed approximately 75 sec following the second 
injection. All patients were hyperventilated for ap- 
proximately 5 sec prior to laryngoscopy (necessary in 
group 1 to abolish inherent respiratory drive). To 
ensure as much uniformity as possible in the depth of 
anesthesia at the time of intubation, all inductions 
were performed by the same anesthetist, who was 
blinded to the drug sequence. 

Using a Kowa hand-held applanation tonometer, 
one of two ophthalmologists, also blinded to the 
drugs administered, measured IOP five times in the 
right eye (Figure 1): 1) just prior to drug administra- 
tion (baseline); 2) drug effect, 60 sec following the 
second injection, but before hyperventilation for 
laryngoscopy; 3) immediately after intubation; 4) 1 
min later; and 5) immediately before extubation, 
before the return of the cough reflex. Because IOP can 
vary with Pco, (7), end-tidal CO, was adjusted (by 
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Figure 1. Diagram of the protocol sequence with intraocular pres- 
sures (mean + SEM) in the three groups over time. Time 0 = 
approximately 7 min after anesthesia mask placement. Intraocular 
pressure (IOP) 1 = baseline; L or P = IV lidocaine, 2 mg/kg (L) or 
placebo {P}; S or P = IV succinylcholine, 1 mg/kg (S) or placebo (P); 
IOP 2 = effect of drug(s); LTI = laryngoscopy and tracheal 
intubation; IOP 3 = postintubation; IOP 4 = 1 mm after intubation; 
IOP 5 = before extubation. *P < 0.01 compared to lidocaine group 
(1). tP < 0.05 compared to baseline (group 1); P < 0.01 compared 
to baseline (groups 2 and 3). 


varying ventilation) prior to IOP measurements 2 
through 5 to remain within 7 mm Hg of that recorded 
at the time baseline measurements were made. Dur- 
ing JOP measurements, no external pressure was 
placed on the orbit and there was no positive end- 
expiratory pressure (PEEP) in the anesthesia circuit. 

Tabulated data included age, duration of anesthe- 
sia (from mask placement to arrival in the recovery 
room), and IOP measurements. Statistical signifi- 
cance (P < 0.05) was determined by one-way analysis 
of variance (ANOVA) for age and duration of anes- 
thesia. The significance of differences between 
groups in IOP was tested with two-way analysis of 
covariance by repeated measures on the time vari- 
able, with baseline IOP measurement 1 used as a 
covariate. Effects of IOP over time within individual 
groups were evaluated by one-way ANOVA with 
repeated measures, utilizing the Newman-Keuls test 
for post-hoc analysis. 


Results 


There were no significant differences in age (mean + 
sp of the three groups = 3.9 + 1.8 years) and duration 
of anesthesia (44.1 + 8.6 min). 


CLINICAL REPORTS 


Baseline IOP measurements were not significantly 
different in the three groups (Figure 1). The overall 
analysis of covariance, adjusted for baseline mea- 
sures, demonstrated a significant interaction between 
time and the various groups (P < 0.02). This was due 
principally to the persistent significant increase in 
IOP above baseline levels at the fifth measurement in 
the succinylcholine-only group (2). Compared to the 
lidocaine-only group (1), IOP measurements 2 
through 5 were significantly highez in both the suc- 
cinylcholine-only (2) and in the combination (3) 
groups (P < 0.01). The administration of lidocaine 30 
sec before succinylcholine (3) produced an additional 
increase in IOP measurements 2 through 4 that was 
not, however, statistically significar:t (P < 0.07) when 
compared to succinylcholine alone (2); the difference 
was minimal at IOP measurement 5 (P < 0.51). 

Within the lidocaine-only group (1), there was no 
significant increase above baseline levels (IOP mea- 
surement 1) prior to intubation (IOP measurement 2), 
or change between before (IOP measurement 2) and 
after intubation (IOP measurement 3) levels; values 
after intubation (IOP measurements 3 and 4) were, 
however, slightly but significantly above baseline 
values. In both the groups given succinylcholine, 
either without (2) or with (3) lidocaine, their IOP 
measurements 2 (recorded after drug administration) 
were significantly increased over baseline levels. In 
all three groups, IOP increased <1 mm after intuba- 
tion, but decreased slightly within 1 min following 
intubation. Just before extubation (IOP measurement 
5), IOP in both groups given lidocaine (1 and 3) was 
not significantly different from baseline values, 
whereas IOP in patients in the succinylcholine-only 
group (2) remained significantly elevated over base- 
line values. 

There were no complications associated with the 
IV bolus administration of 2 mg/kg of lidocaine dur- 
ing induction of anesthesia with halothane and N,O. 
During the study period, heart rate and blood pres- 
sure remained within normal limits in all three 
groups, and there were no clinical signs (cough, 
lacrimation, dysrhythmias) to suggest an inadequate 
depth of anesthesia at the time of tracheal intubation. 


Discussion 

An increase in IOP associated with tracheal intuba- 
tion may occur even in the absenc2 of coughing and 
has been attributed to a reflex increase in sympathetic 
activity (2,8). Because lidocaine can attenuate hemo- 


dynamic reflex sympathetic responses to intubation 
(9), it might also be expected to reduce the increase in 
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CLINICAL REPORTS 


IOP due to intubation. In children anesthetized with 
halothane-N.O Drenger et al. (8) found that 2 min 
after IV administration of 2 mg/kg of lidocaine, but 
before intubation, there was a slight but statistically 
significant reduction in IOP compared to a placebo 
group, in which IOP actually increased prior to 
intubation. (Ventilatory patterns were not described.) 
Intubation was associated with significant increases 
in IOP in both groups, but the peak increase was 
significantly less with lidocaine. In contrast, our 
study showed that IOP had increased slightly 90 sec 
after IV administration of 2 mg/kg of lidocaine, but 
that there was no significant difference between IOP 
before and after intubation. However, we are in 
agreement that although IOP after intubation is sig- 
nificantly increased above baseline levels, the in- 
crease is minimal. 

Increased IOP secondary to succinylcholine is 
thought to be primarily due to extraocular muscle 
contraction. Succinylcholine causes a sustained tonic 
contraction of slow fibers (1) in contrast to its para- 
lytic effect on peripheral skeletal muscle following 
initial depolarization. Kaufman (10) demonstrated 
that the increase in muscle tension preceded respira- 
tory paralysis and outlasted the period of apnea. The 
findings of our study are consistent with those of 
others who found that succinylcholine significantly 
increased IOP in children anesthetized with 
halothane-N,O and that intubation did not signifi- 
cantly increase IOP further. Dear et al. (11) found that 
children given IV succinylcholine, 1 mg/kg, had sig- 
nificant (83%) increases in IOP, with intubation pro- 
ducing only an insignificant further 3% increase. In 
our study, IV succinylcholine, 1 mg/kg, resulted in an 
84% increase in IOP, which increased another 5% 
upon insertion of the endotracheal tube. These re- 
sults do not agree with the contention of Murphy et 
al. (3) that the increase in IOP secondary to succinyl- 
choline is unimportant when compared to the rise 
secondary to intubation. Most likely, differences in 
induction techniques—IV versus inhalation—and dif- 
ferences in anesthetic depths at the time of intubation 
account for the discrepancy. 

The rationale for the use of lidocaine to attenuate 
eye muscle contraction due to succinylcholine is 
derived from the observation that lidocaine reduces 
the incidence of succinylcholine-induced fascicula- 
tions and myalgia (12). To date, at least four studies 
(3-6) have evaluated lidocaine pretreatment to pre- 
vent increases in IOP caused by succinylcholine and/ 
or tracheal intubation. Murphy et al. (3), Smith et al. 
(4), and Kruger and Roelofse (5) gave IV lidocaine in 
doses ranging from 1 to 2 mg/kg, administered 1 to 2 
min before the administration of succinylcholine. All 


ANESTH ANALG 689 
1989;69:687-90 


patients were given thiopental for induction of anes- 
thesia. In two of the studies (4,5), postdrug (preintu- 
bation) IOP was not measured; baseline levels in both 
placebo and lidocaine groups were compared to IOP 
measurements after intubation. In the other study 
(3), preintubation pressures—measured <1 min fol- 
lowing the administration of succinylcholine—were 
virtually unchanged from baseline and failed to re- 
flect a succinylcholine-induced increase in IOP in 
either the placebo or lidocaine group. The authors of 
all three studies (3-5) concluded that lidocaine did 
not prevent an increase in IOP caused by succinyl- 
choline and intubation; however, in our opinion, 
they did not properly assess the effect of the drugs 
alone on IOP without the additional effect of tracheal 
intubation on IOP. In contrast, Mahajan et al. (6), in 
measuring the effect of the drugs on IOP before 
intubation, demonstrated that IV lidocaine (1 mg/kg) 
significantly attenuated a succinylcholine-induced in- 
crease in JOP compared to placebo and prevented a 
further significant increase in IOP after intubation. In 
this study, lidocaine was given 5 min before the 
administration of thiopental and succinylcholine. 

The results of the above study (6), when compared 
to our study, suggest that the efficacy of lidocaine 
pretreatment may depend upon the time between the 
administration of lidocaine and the administration of 
succinylcholine. We were unable to duplicate the 
timing of the drug sequence described by Mahajan et 
al. (6), as we do not routinely place an IV line in small 
children prior to induction. More studies are needed 
to confirm the interesting results of the study cited 
above, and to determine the optimal time interval 
between injections of lidocaine and succinylcholine in 
children. 

Manipulation of the globe associated with eye 
muscle surgery may lower IOP to below baseline 
levels (13). In our study, only seven of the 75 children 
had no surgery in the right eye: two were in group 2 
and four were in group 3. Therefore, we feel that the 
persistent significant increase in IOP over baseline 
levels in the succinylcholine-only group (2) after 30 
min of anesthesia was truly indicative of residual 
eye-muscle contraction. The fact that levels of IOP 
with measurement 5 in the combination group (3) 
were not significantly above baseline values suggests 
that lidocaine exerted a late protective effect. 

To summarize, in children undergoing induction 
of anesthesia with halothane and N,O: 

1) Lidocaine, 2 mg/kg IV, administered approxi- 
mately 90 sec prior to laryngoscopy, results in a 
statistically insignificant increase in IOP, and there is 
no significant difference between IOPs measured 
immediately before and after tracheal intubation. 


However, IOP after intubation is slightly but signifi- 
cantly increased above baseline levels. 

2) Succinylcholine, 1 mg/kg IV, causes a significant 
increase in IOP 1 min after administration, and tra- 
cheal intubation produces no further significant rise. 
After 30 min of anesthesia, IOP is lower, but still 
significantly above baseline values. 

3) Lidocaine, 2 mg/kg IV, administered 30 sec prior 
to succinylcholine, 1 mg/kg IV, does not prevent the 
increase in IOP associated with succinylcholine and 
may even enhance it to a small degree. However, 
lidocaine attenuates the persistent increase in IOP 
found 30 min after succinylcholine administration. 


The authors wish to thank John Hayes (Coordinator of Research 
Information Systems for the Children’s Hospital Research Founda- 
tion) for statistical analysis; David O. Warner, MD, for manuscript 
review; Larry Leguire, PhD, for the illustration; and Wendy 
Church, CRNA, for assistance with the study. 
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Letters to the Editor 


“Tust a Little Bit More” 


Key Words: ANESTHETIC TECHNIQUES, 
EPIDURAL. 


To the Editor: 


Several techniques are available for identification of entry of 
the tip of a needle into the epidural space (1-3). However, 
the tip of a needle may be in the epidural space, but it still 
may not be possible to pass a catheter through the needle 
into the space. When this difficulty is encountered, Brom- 
age suggests advancing the needle ‘‘another half millimeter 
or s0” to free the entire epidural needle opening from the 
ligamentum flavum (1). According to Moore (2) the epidu- 
ral space may have been “tapped” if only Ye in. (0.15 cm) 
of the bevel of the needle has entered. The epidural 
catheter may well not pass through the bevel unless the 
entire opening of the bevel is in the epidural space. Moore 
advocates advancing the needle “Me in. (0.15 cm) to % in. 
(0.3 cm)” further into the epidural space (2). When follow- 
ing either of these methods, it is difficult to measure the 
exact distance when advancing the needle “another half 
millimeter” or “Ys to % in.” without a fixed reference 
point. 

In gauging the distance of advancement of the epidural 
needle, one could use calibrated or scored needles (4,5). As 
these are not regularly available, we use as a marker the 
plastic collar that holds the needle within its sterile case to 
gauge the depth of the needle advancement when one is 
having difficulty advancing the catheter through the needle 
into the epidural space. By moving the marker to the point 
on the shaft equal to the distance we wish to advance the 
needle and advancing the needle until the marker contacts 
the skin, we will be assured of the proper increment. We 
then proceed to the usual confirmation maneuvers identi- 
fying the presence of the lumen of the needle in the 
epidural space. 

In the event the plastic collar is inadvertently removed 
from the needle, we use a sterile marking pen to draw a line 
on the needle 0.5 cm or less from the skin. By this means 
we know exactly how far we have advanced the needle. 

We have found the plastic collar to be an effective and 
useful maneuver when we want to advance the epidural 
needle “a little bit more” in advancing the catheter through 
the needle. 
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Central Nervous System Effects 
of Magnesium 


Key Words: IONS, MAGNESIUM. 


To the Editor: 


Thompson et al. (1) reported that hypermagnesemia signif 
icantly reduced the MAC of halothane anesthesia in rats. / 
subsequent letter (2) challenged the validity of the conclu 
sion in part by stating that magnesium’s effect on th 
central nervous system is relatively minor. We reportec 
recently (3), however, that magnesium does in fact have ; 
profound effect on spinal cord metabolism. Spinal cor 
glucose utilization was reduced 25-60% in rats at a plasm: 
magnesium level of 13.5 + 0.1 mEq/L. Although we did no 
measure the effect of magnesium on glucose utilization i 
brain, it seems reasonable to postulate a similar change 
Although a decrease in glucose utilization is not a prior 
evidence of an anesthetic or analgesic effect, the rate o 
glucose utilization does correlate with neuronal activity (4) 
Consequently, we believe it is inaccurate to state tha 
magnesium’s effect on the central nervous system is minor 
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Poststernotomy Neuralgia: A New 
Pain Syndrome 


Key Words: PAIN, POST-STERNOTOMY. 
SURGERY, CARDIOVASCULAR. 


To the Editor: 


Three points of interest arise out of Drs. Defalque and 
Bromley’s article (1). 

First, all patients were men; presumably most were from 
a Veterans Administration Hospital, although the study 
began at Indiana University Medical Center. One wonders 
whether or not men have a lower pain threshold. Alterna- 
tively, the patient pool may have been all male. 

Second, there was a 1- to 6-month delay in onset of this 
pain syndrome. Does this mean that the patients were 
preoccupied by other postoperative concerns in the interval 
and pain was not an issue? My impression is that neuroma 
pain in other scars becomes a problem soon after the 
wound heals. 

Third, has this syndrome gone unrecognized and re- 
mains unrecognized (or at least not a problem) in my 
hospital's large cardiac surgery service of over 1000 patients 
per year? 

One of the senior cardiac surgeons here believed that 
such discomfort is not a problem with us, although he 
could imagine that it might be among some patients with 
low pain thresholds. A second surgeon suggested a mech- 
anism by which it might occur: spreading of the sternal 
retractor can, if applied strongly, buckle the costal carti- 
ages. This is especially true with mammary artery grafts: 
51% of the authors’ patients had left internal mammary 
zrafts and 63% had left sternal pain. Even so, this surgeon 
ilso agreed it was not a problem. 

Finally, as director of our Anesthesia Pain Control Ser- 
vice over the entire period since cardiac surgery began, I 
1ave been asked to see only two patients with parasternal 
ain, to the best of my recollection. 

I can only conclude that there must be a regional, 
iurgical technical or a patient characteristic that selects this 
‘yndrome. Our patients are fortunate not to have found it 
o be a problem. 


LETTERS TO THE EDITOR 


Donald P. Todd, mp 

Director, Anesthesia Pain Control Service 
Massachusetts General Hospital 

Boston, MA 02114 
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In Response: 


We thank Dr. Todd for his interest. Almost all patients 
undergoing coronary artery bypass graft in our referring 
hospitals at the time of our study were men; about 75% of 
our patients were veterans. 

The average time of onset of pain was 6 weeks. This is 
similar to the latency reported in another group of patients 
with postoperative neuromas (our reference 4). The pain of 
postoperative neuromas is probably caused by scar entrap- 
ment and the pain worsens as the scar contracts over the 
following weeks. Pinpointing the time of onset of chronic 
postoperative pain is difficult and may be affected by the 
previous use of analgesics and the patient's realization that 
his pain is increasing and has become chronic. 

Dr. Todd’s suggestion of chondral buckling as a cause of 
pain is interesting, but the well-defined, hard, exquisitely 
tender nodules that our probing needle found in the 
parasternal interspaces support the concept of a neuroma. 
There may, of course, be several causes of poststernotomy 
pain, including damage to bone or cartilage. Dr. Todd’s 
suggestion that sternal retraction to harvest the left internal 
mammary artery would favor left-sided chondral buckling 
puzzles us. 

We mentioned in our discussion that several surgeons 
and dolorologists had told us of seeing patients with 
parasternal pain after sternotomy and of obtaining good 
relief with repeated injections of bupivacaine with or with- 
out steroids. 

The discrepancy between our findings and Dr. Todd’s 
may be due to differences in surgical techniques, differ- 
ences in patterns of patient referal and use of analgesics by 
cardiologists and surgeons, or regional differences in pa- 
tients’ stoicism. Our interest in the syndrome may have 
biased us toward a more aggressive search for patients with 
the type of pain we report so that we might more rapidly 
treat them. 


Ray J. Defalque, MD 

Veterans Administration Medical Center, 
700 South 19th Street 

Birmingham, AL 35233 


Joel J. Bromley, MD 
4855 Lablond Avenue 
Cincinnati, OH 45226 


Book Reviews 


Molecular and Cellular Mechanisms of 
Septic Shock, Progress in Clinical and Biological 
Research, Volume 286 

B.L. Roth, T.B. Nielsen, A.E. McKee, eds. New York: 
Alan R. Liss, 1989, 316 pp, $58.00. 


This book is an attempt to define the basic mechanisms 
responsible for both the metabolic and cardiopulmonary 
changes that occur during sepsis or endotoxemia. The book 
is a proceedings of a conference held in February 1988. 
Consequently, it contains a large amount of very current 
material. By and large the authors come to grips with many 
of the aspects of sepsis from the identification of endotoxin 
as a probable vector of gram-negative sepsis to the attempt 
to define a disruption of general membrane receptor and 
transport function as responsible for many of the patho- 
physiological changes noted. 

The book is divided into three sections: one addresses 
receptors and signal transduction, another the role of 
endotoxin as a mediator, and the third cytokines and 
metabolic pathophysiology. The first section on receptor 
and signal transduction is a very excellent review of the 
latest developments in the area of calcium transport and its 
relationship to phospholipid physiology. Unfortunately 
this section suffers in many areas from the inordinate use of 
slang and abbreviations of terms, which make the text 
almost impossible to understand except by a specialist in 
the area. 

The second section, which deals with endotoxin as a 
mediator of septic shock, has several excellent chapters, 
especially the one by Danner and Parrillo on endotoxin in 
human sepsis, which evaluates the therapeutic potential of 
lipid A analogs. The sections suffer, however, as several 
other authors, although writing interesting chapters, do 
not address the theme of the section. Especially noticeable 
is the absence of a discussion of bacterial translocation and 
its role in sepsis, as well as a discussion of endotoxin-like 
materials such as the proteoglycans produced by gram- 
positive organisms. In addition, there is almost no discus- 
sion of the possible mediators of lung injury and no 
discussion of renal changes. As these are very major areas 
of importance in sepsis, this may be a very serious defect. 

The last section, on cytokines and metabolism, has an 
excellent review of the current material on tissue necrosis 
factor and interleukin-1. The important missing ingredient 
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for this section is a review defining the metabolic lesions 
present in a clear and precise manner. 

Although many of the hard hitters in the area of sepsis, 
especially those in the microvascular and the metabolic 
areas, are notably missing from this text, the text does give 
a very good description of many of the basic mechanisms 
that may be responsible for sepsis and is recommended 
reading for the anesthesiologist, especially for those work- 
ing in intensive care situations. | 


Daniel L. Traber, pnp 

Shriner’s Burn Institute 

University of Texas Medical Branch at Galveston 
Galveston, Texas 


Surgery for Anaesthetists 
John S. M. Zorab, ed. Boston: Blackwell Scientific 
Publications, 1988, 512 pp, $165.00. 


Responding to a perceived need for anesthetists to under- 
stand surgical diseases and procedures better, Dr. Zorab 
and 36 British and Australian surgeons, anesthetists, and 
one physicist have labored long to provide us with this 
unique opus. In a format similar to texts on medicine for 
anesthetists the authors cover a wide range of topics—from 
the operating room and its special equipment, such as 
electrocautery and lasers, to details of adult and pediatric 
general and specialty surgery and associated medical con- 
ditions. Most of the 49 chapters are authored by teams of 
surgeons and anesthetists. The chapters vary greatly in 
providing pearls for the anesthetists, pertinent illustra- 
tions, and surgical principles. 

Chapters providing a wealth of information are those on 
pediatric surgery, ophthalmology, gynecology, orthope- 
dics, cardiothoracic surgery, plastic surgery, urology, and 
biliary surgery. Information on specific topics can be 
gleaned by consulting the table of contents or the 20-page 
index. Nothing is mentioned, however, regarding cesarean 
section surgery. 

Because so few references are provided it is difficult for 
the reader to judge how up-to-date the chapters are or 
where to turn for further information. The newest reference 
cited was 1985. Little documentation is offered for the 
opinions provided by the chapter authors. 

Who should purchase this textbook? Certainly large 
departmental or medical school reference libraries will find 


694 ANESTH ANALG 
1989;69:693-6 


it of use for their patrons. With so many new texts and 
journals vying for our attention today probably few indi- 
vidual practitioners or trainees will have the funds or time 
to indulge their curiosity about what happens on the other 
side of the ether screen. 

In conclusion, this comprehensive textbook on anes- 
thetic aspects of surgery and surgical diseases offers new 
insights that may help us jointly to offer better, more 
complete care to our anesthetic-surgical patients. Hope- 
fully, later editions of this book will contain more docu- 
mentation and references to supplement and reinforce the 
opinions provided in such lucid detail by the editor and 
chapter authors. We realize this is not an easy task for busy 
volunteers to deliver promptly and succinctly. 


Carter M. Ballinger, MD 
School of Medicine 
University of Colorado 
Denver, Colorado 








On Chloroform and Other Anaesthetics: Their 
Action and Administration 

John Snow. London: John Churchill, 1858, 487 Pp, 
$37.50. Third reprinting in 1989 by the Wood Library 
Museum of Anesthesiology, Park Ridge, Ill. 


A reviewer can only approach John Snow’s On Chloroform 
and Other Anaesthetics: Their Action and Administration with 
some trepidation. It is akin to being asked to review the 
Bible. To carry the analogy further, one can surmise that 
many have heard of both books, but far fewer have read 
them. 

After studying this seminal work, one is struck by the 
acuity of the author’s observations. This is the product of a 
uighly methodical, analytical, and perceptive mind. The 
specialty of anesthesia is indeed fortunate that a person 
vith the talents of John Snow was one of its pioneers. 

On Chloroform and Other Anesthetics stresses the empirical 
asis of early anesthetic practice. However, Snow’s ap- 
əroach is scientific. This is evidenced by his elucidation of 
he volumes of chloroform vapor produced at different 
emperatures. The reader will be struck by the continuing 
elevance of Snow’s comments regarding clinical practice. 
‘he range and complexity of procedures performed under 
‘hloroform-mask anesthesia are a testimonial to his clinical 
kills. The periphery of the body was still the site of 
‘irtually all operations, but the anesthetized state permit- 
ed a less aggressive approach, e.g., debridement instead of 
mputation. Attempts at intraabdominal procedures re- 
ulted in death. 

Snow outlines 50 cases in which the administration of 
hloroform proved fatal. He provides evidence derived 
rom animal experimentation that this is due to the car- 
iotoxicity of excessive inspired chloroform concentrations. 
t is surprising to see the techniques of mouth-to-mouth 
entilation, tracheostomy, endotracheal intubation, and 
lectrical stimulus of the heart used in the ensuing resus- 
itative efforts. 
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Against the background of increasingly sophisticated 
monitoring, a plethora of pharmacological agents, and a 
cornucopia of clinical and scientific data, Snow’s book is a 
stark reminder that the acumen of the anesthesiologist is 
the final bastion of reason and safety during the conduct of 
anesthetic care. 

This reviewer urges all anesthesiologists to set aside a 
week or two and read this book. Few works serve to 
enhance one’s appreciation of the obstacles overcome by 
the original practitioners of our specialty as much as this 
one. 


Samuel Tirer, MD, CM 

Presbyterian Medical Center of Philadelphia 
Department of Anesthesia, University of Pennsylvania 
Philadelphia, Pennsylvania 








Risk and Outcome in Anesthesia 
David L. Brown, ed. Philadelphia: Lippincott, 1988, 420 
pp, $49.50. 


Multiauthored texts tend to suffer from unevenness of 
emphasis and writing as well as confusion amongst the 
authors regarding the kind of end product desired. Risk and 
Outcome in Anesthesia is no exception. 

Recent years have witnessed a plethora of articles and 
studies looking at outcome in anesthesia. Rather than 
looking at discrete physiologic and pathologic changes 
related to a particular anesthetic technique or monitoring 
modality, investigators are increasingly focusing on overall 
outcome. To add to the confusion, separating outcome 
related to anesthetic technique or anesthetic monitoring 
from outcome related to the kind of surgery done, surgical 
competence, and/or its swiftness is both philosophically 
and statistically difficult. This reviewer remains cynical 
about claims advocating one anesthesia technique over 
another, when neither the surgical technique nor the length 
of the operation is factored into the statistical analysis. 
Claims that anesthesia for open heart surgery can safely be 
performed without the use of pulmonary artery monitoring 
is a recent example of this. 

The term “risk” is commonly understood to mean the 
likelihood of injury. It does not necessarily imply substan- 
dard care, but could. The terms risk and outcome are 
related but not identical. 

The body of the text is divided into two sections: the first 
covers perioperative risk, the second perioperative out- 
come. Each chapter in the first section deals with a discrete 
organ system. These chapters are generally well written 
and comprehensively indexed. The chapters on hemato- 
logic and immune function, psychiatric function, and en- 
docrine and renal function are particularly interesting and 
well written, and the chapter on pulmonary function has an 
excellent historical section. Unfortunately, most of the 
chapters lack a unified understanding of the concept of risk 
and meander off into discussions of techniques for a variety 
of conditions. These discussions, although interesting and 
well-written, do not serve the stated objective of the sec- 
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tion, namely, an articulation of the risks of anesthesia on 
various organ systems. 

The second section, perioperative outcome does a better 
job of sticking to the objectives stated. The chapters on 
anesthetic choice and critical care are particularly well 
written and thoughtful. The remainder of the chapters in 
this section again follow organ systems and are generally 
well written and indexed. 

Risk and Outcome in Anesthesia represents an exciting 
challenge: how can one outline scientifically and document 
the risks that appertain to the administration of anesthesia, 
as well as examine outcome statistics and their alterability 
by different techniques of administration? The text has not 
fulfilled this mission consistently. 


William Gild, MB, ChB, JD 
Hahnemann University 
Philadelphia, Pennsylvania 








Cardiac Monitoring 

Anesthesiology Clinics of North America, 
December 1988 

Guest Edited by Paul G. Barash, Philadelphia, W.B. 
Saunders Co., 1988, 275 pp, $65.00 per year for four 
monographs. 


It was a pleasure to review the final monograph of the 1988 
quarterly, Anesthesiology Clinics of North America, for a num- 
ber of reasons. First, together with its September 1988 
mate, Myocardial Ischemia and Perioperative Infarction, this 
monograph will bring any library of cardiovascular anes- 
thesia up to date. Second, in combination with the annual 
monographs sponsored by the Society of Cardiovascular 
Anesthesiologists (SCA), this monograph will enrich any 
personal library of cardiovascular anesthesia at a bargain 
price. Finally, this monograph contains a chapter on “‘Elec- 
trical Safety and Device Calibration” that clearly and suc- 
cinctly (in 20 pp) reviews the basics of electricity and 
electrocution, hospital electronics and surgical electrocau- 
tery, and device calibration and troubleshooting. With clear 
tables and simple circuit diagrams featuring safely smiling 
or electrocuted stick figures, this chapter clearly interprets 
intraoperative electrical risks and clarifies line isolation. Too 
bad current National Fire Protection Association (NFPA) 
Guidelines for hospitals have removed requirements for 
line isolation transformers and monitors in ORs and ICUs 
in favor of safer isolated power sources—and just when I 
was beginning to understand current leaks and line isola- 
tion! 

Other strong points of this monograph include an inter- 
esting chapter on the historical development of cardiovas- 
cular monitoring, a comprehensive chapter on preoperative 
monitoring featuring nuclear cardiac imaging, and strong 
elementary chapters on transesophageal two-dimensional 
and Doppler echocardiography. Basic chapters on nonin- 
vasive blood pressure, pulmonary artery, cardiac output, 
and pediatric cardiovascular monitoring comprise the body 
of the text. Interesting new submissions on monitoring 
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coronary circulation, venous circulation, and right ventric- 
ular function complete the monograph. 

The few weak points in this work include a penultimate 
chapter on the physiologic basis for cardiovascular moni- 
toring that should have been a starter; duplicated submis- 
sions on perioperative electrocardiography in chapters 2 
and 14; and the assignment of a chapter on new ideas in 
cardiac output monitoring to a recognized pioneer in intra- 
operative transesophageal echocardiography who, none- 
theless, does a good job with the complexities of bioimped- 
ance. 

The 1988 year-end monograph on Cardiac Monitoring 
from the Anesthesiology Clinics of North American has few 
shortcomings, is current and concise, and should serve 
both the general and the cardiac anesthesiologist as a 
review source for classic cardiovascular monitoring and as 
an introductory source for two-dimensional echocardio- 
graphic and pulsed-Doppler flow monitoring. 


James H. Diaz, MD 

Section of Cardiovascular Anesthesia 

Department of Anesthesiology 

Ochsner Clinic and Alton Ochsner Medical Foundation 
Department of Anesthesiology 

Tulane University School of Medicine 

New Orleans, Louisiana 








Anesthesia and the Lung 


T. Stanley, R. Sperry, eds. The Netherlands: Kluwer 
Academic Press, 1989, 301 pp. 


At the 34th Annual Postgraduate Course in Anesthesiology 
(Snowbird, Utah, February 17-21, 1989), an internationally 
renowned panel of contributors presented a wide range of 
topics in pulmonary medicine and respiratory pathophysi- 
ology, as well as a discussion of clinical and theoretical 
anesthetic issues. The Refresher Course manuscripts of 
these presentations have been reprinted in Anesthesia and 
the Lung. Although the sequence of chapters in the book 
probably follows the order in which the lectures had been 
presented, the chapters can be conceptually grouped into 
one of four categories. 

The largest group of chapters covers new material or 
expands upon areas of pulmonary physiology relevant to 
anesthetic practice. A stimulating discussion of pulmonary 
endothelial cell biochemical activity is one example. A 
second group of chapters briefly covers several topics (e.g., 
effects of anesthetics on pulmonary gas exchange), provid- 
ing the knowledgeable reader with guides to further spe- 
cialized reading or a brief review. The third group of 
chapters reviews basic topics such as modes of mechanical 
ventilation and one-lung ventilation. These thoughtful re- 
views provide useful basic information with savvy clinical 
observations. Finally, a small portion of the book is devoted 
to historical coverage. Dr. Severinghaus briefly reviews the 
history of oximetry, and Dr. West discusses the 1981 
expedition to Mt. Everest. 

This text fulfills the editor’s goal of providing a printed 
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reference for the meeting’s participants, and of rapidly 
disseminating the concepts presented. In addition, the text 
serves as a rapid review of and reference guide to recent 
developments in clinical aspects of anesthesia and the lung. 

Unfortunately, the manuscripts are reprinted in their 
original fonts and styles. This production method permits 
the inclusion of occasional typographical errors and the 
presence of sketchy graphs with inadequate legends, which 
detract from the book’s readability. Despite this shortcom- 
ing, Anesthesia and the Lung will be informative to both 
anesthesia residents and staff because of its timely coverage 
of both fundamental and esoteric principles of pulmonary 
pathophysiology. 


Julian M. Goldman, MD 

Philip Brown, MBBS, FRCP(C), FFARACS 
Department of Anesthesiology 

University of Colorado 

Health Sciences Center 

Denver, Colorado 








Cardiovascular Anesthesia and Postoperative 
Care (2nd edition) 


S. Tarhan. Chicago: Yearbook Medical Publishers, 1989, 
651 pp, $79.50. 


The second edition of this text seeks to address the enor- 
mous expansion of knowledge which has occurred in 
cardiac anesthesiology since the first edition in 1982. The 
preface notes that new chapters have been added on 
anesthetic agents, pericardial disease, anesthesia for elec- 
trophysiologic testing and surgical treatment of arrhyth- 
mias, blood-related communicable diseases, and postoper- 
ative management. These join bread-and-butter cardiac 
anesthesia chapter topics such as preoperative evaluation, 
monitoring, and anesthetic management for valvular heart 
disease; ischemic heart disease; congenital malformations; 
pericardial disease; and thoracic aortic surgery. Adjunct 
topics of great interest to cardiac anesthesiologists such as 
pump oxygenators, myocardial preservation, brain protec- 
tion, pacemakers, and circulatory assistance devices are 
also represented. Chapters on anesthetic management of 
abdominal aortic surgery and carotid surgery are included 
as well. 

There is much in this text to praise. The contributors all 
practice or trained at the Mayo Clinic. As a result the text 
enjoys a unified viewpoint, in contrast to many other 
multiauthored texts. The authors also deserve praise for 
their liberal use of excellent graphics and tables. The 
illustrations in the chapter on anesthesia for surgical repair 
of pediatric congenital heart disease are particularly illumi- 
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nating. Especially well-written and referenced are the chap- 
ters on anesthesia and pericardial disease and on anesthe- 
sia for thoracic aortic surgery. 

The book is not without some deficiencies. Perhaps as all 
of the contributors stem from the same institution, there is 
an occasional tendency to sink to a “this is how we do it 
here” approach to a topic. This is evident in the chapter on 
oxygenators and hemodilution in cardiopulmonary bypass. 
The text seeks to address recent advances in cardiac anes- 
thesia, but a chapter on anesthetic management of heart 
and heart-lung transplantation is conspicuous by its ab- 
sence. Discussion of some esoteric topics such as anesthesia 
for patients with atrial myxomas and anesthesia for pulmo- 
nary thromboendarterectomy is likewise lacking. 

Such criticisms should not overly detract from what is an 
otherwise excellent basic text of cardiac anesthesiology. It 
should find wide acceptance among trainees in cardiac 
anesthesia. 


Joseph J. Quinlan, Mp 

Departments of Anesthesiology 

University of Pittsburgh School of Medicine 
and Presbyterian-University Hospital 
Pittsburgh, Pennsylvania 
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paralyzing dose of a neuromuscular blocking agent following loss of consciousness when SUFENTA is used in anesthetic 
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Adequate facilities should be available for postoperative monitoring and ventilation of patients administered SUFENTA. 
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PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated 
patients. The effect of the initial dose should be considered in determining supplemental doses. Vital signs should be 
monitored routinely. Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA 
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Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when given in 
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maternal toxicity (decreased food consumption with increased mortality) following prolonged administration of the drug. 
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Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery. Therefore, such 
use is not recommended. 

Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are excreted in 
human milk, caution should be exercised when SUFENTA is administered to a nursing woman. 

Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
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Animal Toxicology: The intravenous LD... of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in guinea 
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ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and skeletal muscle 
rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of respiratory depression 
and skeletal muscle rigidity. The most frequent adverse reactions in clinical trials involving 320 patients administered 
SUFENTA were: hypotension (7%), hypertension (3%), chest wall rigidity (3%) and bradycardia (3%). Other adverse 
reactions with a reported incidence of less than 1% were: 


Cardiovascular: tachycardia, arrhythmia Dermatological: itching, erythema 
Gastrointestinal: nausea, vomiting Central Nervous System: chills 
Respiratory: apnea, postoperative respiratory Miscellaneous: intraoperative muscle movement 


depression, bronchospasm 

DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule || controlled drug substance that can 
produce drug dependence of the morphine type and therefore has the potential for being abused. 

OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA 

(see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of overdosage with 
SUFENTA have been established during clinical trials. The intravenous LOso of SUFENTA in male rats is 9.34 to 12.5 
mg/kg (see ANIMAL TOXICOLOGY for LD<os in other species). Intravenous administration of an opioid antagonist such as 
naloxone should be employed as a specific antidote to manage respiratory depression. The duration of respiratory 
depression following overdosage with SUFENTA may be longer than the duration of action of the opioid antagonist. 


Administration of an opioid antagonist should not preclude more immediate countermeasures. In the event of overdosage, 


oxygen should be administered and ventilation assisted or controlled as indicated for hypoventilation or apnea. A patent 
airway must be maintained, and a nasopharyngeal airway or endotracheal tube may be indicated. if depressed 
respiration is associated with muscular rigidity, a neuromuscular blocking agent may be required to facilitate assisted or 
controlled respiration. Intravenous fluids and vasopressors for the treatment of hypotension and other supportive 
measures may be employed. 
DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according to body 
weight, physical status, underlying pathological condition, use of other drugs, and type of surgical procedure and 
anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of SUFENTA should be 
determined on the basis of lean body weight. Dosage should be reduced in elderly and debilitated patients (see 
PRECAUTIONS). Vital signs should be monitored routinely. 
Protect from light. Store at room temperature 15°-30° C (59°-86° F). March 1986, March 1987 
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As with all potent opioids, profound 
analgesia is accompanied by respiratory 
depression and diminished sensitivity to 
CO, stimulation which may persist into or 
recur in the postoperative period. Appro- 
priate postoperative monitoring should be 
employed to ensure that adequate spon- 
taneous breathing is established and main- 
tained prior to discharging the patient 
from the recovery area. 
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Until recent years, regional anesthesia has not been 
widely used in pediatric anesthesia. Performing op- 
erations on conscious children could not be justified 
in most circumstances. However, the use of balanced 
techniques that combine regional anesthesia with 
light general anesthesia in adults has been increasing. 
The advantages are many and include a smooth 
operative course as painful stimuli are prevented 
from reaching the central nervous system, a consid- 
erable modification of the surgical stress response, 
and excellent analgesia in the early postoperative 
period. Unlike techniques that use muscle relaxants, 
there is no need to use controlled ventilation (unless 
it is specifically indicated). There is no valid reason 
why children should not benefit from these advan- 
tages. 

Whereas using regional anesthesia during surgery 
has many advantages, some anesthesiologists are 
more impressed with the postoperative analgesia and 
elect in many circumstances to inject the local anes- 
thetic after surgery ends (1). There is little doubt that 
a child awakening without pain is much easier to 
manage than one who wakes with pain. Although 
the effect of the local anesthetic will wear off eventu- 
ally, there is sufficient time in most cases to admin- 
ister an analgesic to a rational and cooperative patient 
when pain appears. 

Children are far from being a homogeneous group, 
varying as they do from tiny premature neonates to 
quite large adolescents. The psychological approach 
to each patient must, of course, vary enormously. A 
neonate can be given a spinal or caudal anesthetic 
and remain awake with the simple aid of a comforter 
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(2), there having been no previous experience of fear. 
Even premature infants do well with this technique, 
which would raise eyebrows (and even hands in 
horror) in more conventional circles (3-5). Looked at 
cooly, however, the use of general anesthesia in such 
cases is not exactly straightforward and devoid of risk 
(6,7). 

As the child grows and becomes dependent emo- 
tionally on its parents, the whole approach must be 
different if unnecessary distress is to be avoided. In 
most cases, general anesthesia must be induced be- 
fore proceeding to the regional block (8). In adults, 
many experts prefer to perform the more major 
blocks with the patient awake, the main advantage 
being the preservation of patient cooperation, e.g., in 
determining the result of a test dose, reporting par- 
asthesia, or detecting early symptoms of toxicity. 
These advantages must be foregone in children but 
they are seldom paramount (9). 

Because of the changes in physiology that occur as 
a child grows, there are important differences in the 
effects produced by central nerve blocks (spinal and 
epidural). Even very high blocks cause little or no 
change in blood pressure or heart rate up to the age of 
about 6 yr (10). The physiological adaptation to the 
hydrostatic pressure changes brought about by pos- 
ture and height are very underdeveloped because 
such adaptation is unnecessary in small individuals. 
Hypotension requiring treatment is rare and there is 
little or no circulatory perturbation (11). Postspinal 
headache is also uncommon. On the converse side, 
spinal anesthesia is of much shorter duration in 
babies than that in older children or adults (10), 
presumably because they have a different pattern of 
cerebrospinal fluid formation and circulation. 

Epidural blockade, usually by the sacral approach, 
has become very popular chiefly because it is techni- 
cally quite easy compared with the case with adults. 
The sacral hiatus is easy to palpate and the sacral 
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canal is usually entered without difficulty. Catheter 
techniques with both the caudal and lumbar ap- 
proaches are becoming commonplace. Prolonged an- 
algesia with and without the aid of epidural opioids is 
then possible (9). 

The more “perfect” anatomy of children compared 
with that of adults (particularly the elderly) greatly 
facilitates the performance of peripheral nerve and 
plexus blocks. Considerable technical success can be 
achieved with lumbosacral and brachial plexus 
blocks, although the use of a nerve stimulator is a 
wise precaution if direct trauma to a nerve or an 
intraneural injection is to be avoided. Special needles 
and catheters for use in children are available or being 
developed. 

Minor nerve blocks [such as ileoinguinal and gen- 
itofemoral after hernia repair (12,13) or intercostal 
block after thoractomy (1)], local infiltration of the 
incision, and even topical anesthesia can all be used 
to good effect in preventing postoperative pain. The 
effort required is minimal as are the risks. 

More major nerve blocks in children, however, are 
more controversial. Some anesthesiologists are con- 
cerned that blocks such as the three-in-one and sciatic 
nerve block for lower limb surgery or brachial plexus 
block are unnecessarily invasive in children. Of 
course, blocks should not be performed because like 
Mt. Everest, they are there. There must be some 
rationale for their use that has advantages over sim- 
pler techniques, such as epidural or spinal block or 
indeed general anesthesia by itself. However, it is 
irrational to consider that children will receive fewer 
benefits than adults from these more complicated 
procedures, provided a benefit can be clearly defined. 
Major peripheral blocks provide more localized anes- 
thesia than the central blocks and their physiological 
effects are much less. Although children tolerate the 
effects of sympathetic blockade very well, they are 
nevertheless still liable to have bilaterally paralyzed 
lower limbs in the early postoperative period, and an 
accidental intrathecal injection given during an at- 
tempted caudal block can produce apnea and uncon- 
ciousness. In extensive and prolonged surgery of the 
upper limb (e.g., replantation of a severed digit), the 
simplicity of the light general anesthesia required 
with a brachial plexus block has advantages. More- 
over, by maintaining the block postoperatively (with 
a catheter), the arm can be made analgesic, immobile, 
and sympathectomized. 

A good example of the recent attention being paid 
to major regional anesthesia in children is the article 
in this issue of Anesthesia and Analgesia by Dalens et al. 
(14) in which they describe their use of an alternative 
to the three-in-one block of Winnie. Although at first 
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sight such blocks may appear overly aggressive, the 
authors found their method simple, effective, and 
without complications. Indeed, this may well repre- 
sent future developments and advances in pediatric 
anesthesia. 

Needless to say, like many situations in medicine 
in general and anesthesia in particular, training and 
constant usage are of the essence. The best anesthetic 
for a patient is the one you give best. However, if we 
leave mental “road blocks” in place, such as the idea 
that major peripheral blocks are never justified in 
children, we will be quite unable to perform them 
when the indication is compelling. Those responsible 
for teaching must try to impart knowledge of a wide 
variety of anesthetic methods and not concentrate on 
producing anesthesiologists with tunnel vision. If 
children are to receive the maximal benefits during 
and after surgery, then all forms cf anesthesia, in- 
cluding regional anesthesia, both major and minor, 
must be considered and employed where appropri- 
ate. 
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In this issue, using a model of experimental endotoxic 
shock, Armistead and colleagues report that 6.0% 
hydroxyethylstarch in hypertonic (7.5%) saline im- 
proves blood pressure, cardiac output, and myocar- 
dial contractility in comparison to 6.0% hydroxyeth- 
yistarch in 0.9% saline (1). For two reasons, their 
results represent an important contribution to the 
growing literature on hypertonic resuscitation fluid. 
First, few investigators have applied hypertonic re- 
suscitation techniques to models of septic shock. 
Second, Armistead and colleagues have compared 
not only the acute hemodynamic effects of resuscita- 
tion but also the influence of the two fluids on 
subsequent fluid requirements. 

Several issues merit discussion if the conclusions 
of the authors are to be placed in proper perspective. 
The first issue is whether 6.0% hydroxyethylstarch in 
7.5% saline, or any similar fluid, is likely to provide 
substantial advantages over conventional crystalloid 
and colloid fluids. The second issue, suggested by the 
authors’ simulation of a clinical fluid resuscitation 
sequence, is the choice of an appropriate physiologic 
end point for ongoing fluid administration in shock 
states. The third issue, arising from an apparent 
salutary effect of the hypertonic combination on left 
ventricular performance, is the accurate evaluation of 
changes in myocardial contractility in an intact ani- 
mal. 

The need for an alternative to conventional crys- 
talloid and colloid fluids for acute resuscitation is 
apparent from even a cursory review of the advan- 
tages and disadvantages of current fluid choices 
(Table 1). An ideal alternative would be inexpensive, 
produce minimal peripheral or pulmonary edema, 


Received from the Department of Anesthesia, Bowman Gray 
School of Medicine, Wake Forest University, Winston-Salem, 
North Carolina. Accepted for publication August 24, 1989. - 

Address correspondence to Dr. Prough, Department of Anes- 
thesia, Bowman Gray School of Medicine, 300 South Hawthorne 
Road, Winston-Salem, NC 27103. 


©1989 by the International Anesthesia Research Society 


and generete sustained hemodynamic effects. In ad- 
dition, the value for resuscitation of civilian or mili- 
tary trauma victims would be enhanced if the solu- 
tion were effective even if administered in smaller 
volumes than conventional fluids (2). Based upon 
data gathered during the past decade, hypertonic salt 
solutions appear to fulfill some of these criteria. 
Although basic and clinical investigators have 
studied various hypertonic resuscitation solutions for 
much of this century (3-10), current enthusiasm 
results from work published by Velasco and col- 
leagues in the American Journal of Physiology in 1980 
(11). They reported the effects of 7.5% saline (6.0 
mL/kg) as the sole resuscitative measure in lightly 
anesthetized dogs that had been subjected to suffi- 
cient hemorrhage (averaging 23 + 2.1 mL/kg) to 
reduce mean arterial pressure (MAP) to 45-50 mm Hg 
for 30 min. Hypertonic saline restored systolic blood 
pressure and cardiac output and increased mesen- 
teric blood flow to greater than control values. The 
most strikirg observation was that cardiac output and 
mesenteric blood flow remained stable for 6 h, after 
which time the animals were killed. In an accompa- 
nying survival study, 100% of a group of animals that 
had undergone slightly greater hemorrhage survived 
after infusion of 4.0 mL/kg of 7.5% saline (11). Al- 
though pos-treatment serum osmolality exceeded 330 
mOsm/L, nd animal showed adverse effects attribut- 
able to acute hypertonicity (11). Preliminary data 
suggested similar efficacy in humans (12). In animals, 
the mecharism of hemodynamic improvement ap- 
peared to be a reflex response mediated by the arrival 
of a highly hypertonic mixture in the pulmonary 
circulation. Infusion into the aorta or into vagally 
blocked animals failed to produce comparable im- 
provement (13) as did infusion into the pulmonary 
artery of a surgically denervated lung (14). 
Subsequent investigations, extending experimen- 
tal observations that began in the early 1900s (3,4), 
demonstrated the potential advantages of hypertonic 
resuscitation solutions on intracranial hemodynam- 
ics. Intracranial pressure increased during resuscita- 
tion from h2morrhagic shock with lactated Ringer's 
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Table 1. Colloid vs Crystalloid: Reported Advantages and Disadvantages 


Solution 
Crystalloid 


Advantages 


Inexpensive 
Promotes urinary flow 
Restores third space losses 


Colloid 
Smaller volume required 
Lower intracranial pressure" 
Less peripheral edema 


Alb, albumin; dex, dextran; HES, hetastarch. 
“Represents concepts that remain controversial. 


solution but remained unchanged if 7.5% saline was 
infused in a sufficient volume to comparably improve 
systemic hemodynamics (15,16). Todd and colleagues 
compared 0.9% saline to hypertonic lactated Ringer’s 
solution (252 mEq/L Na‘) in anesthetized rabbits and 
demonstrated that the hypertonic solution main- 
tained a lower intracranial pressure after isovolemic 
hemodilution (17). Zornow and colleagues subse- 
quently quantified the reciprocal relationship be- 
tween brain water and acute changes in plasma 
osmolality (18). 

Unfortunately, in most animal models, improve- 
ments in systemic hemodynamic values, unlike those 
reported by Velasco and colleagues (11), have not 
been sustained. Prough and colleagues reported an 
initial improvement followed by a rapid decline in 
blood flow and cardiac output after resuscitation with 
either lactated Ringer’s solution or hypertonic saline 
in pentobarbital-anesthetized dogs (16). Both 7.5% 
saline (6.0 mL/kg IV) and lactated Ringer’s solution 
(60 mL/kg IV) improved MAP and cardiac output 
immediately following resuscitation after 30 min of 
hemorrhage to a MAP of 40 mm Hg (16). However, in 
the ensuing 60 min, both variables rapidly declined. 
In a canine model of oleic acid-induced pulmonary 
edema, Johnston and colleagues administered 7.5% 
saline (5.0 mL/kg IV) and noted a prompt increase in 
cardiac output and systolic and diastolic pressures, 
despite a statistically insignificant increase (1.0 mm 
Hg) in pulmonary artery occlusion pressure (PAOP) 
(19). However, the improvement had largely disap- 
peared 30 min after injection. Armistead and col- 
leagues demonstrated that the acute improvements 
in MAP, cardiac output, and left ventricular stroke 
wave (LVSW) associated with the hypertonic combi- 
nation solution had greatly diminished by 60 min 
after infusion, despite continued maintenance of 
PAOP with additional fluid (1). The transient effects 
of hypertonic saline administration represent a major 


Sustained plasma volume increase 


Disadventages 
Peripheral edema 


Pulmonary edema‘ 
Transient hemodynanic effects 


Expensive 

Coagulopathy (dex > HES) 

Pulmonary edema in capillary leak states 
Decreased Ca?* (alb) 

Renal failure (dex) 

Osmotic diuresis 

Impaired cross-match (dex) 


obstacle to wider clinical application. Possible strate- 
gies that might prolong the therapeutic effects be- 
yond 30-60 min include a contirued infusion of 
hypertonic saline, subsequent infus-on of blood or of 
conventional fluids (as done by Armistead and col- 
leagues), or modification of the original hypertonic 
solution. 

Investigators have modified hypertonic saline so- 
lutions in an effort to exert more sustained effects 
while maintaining the advantages of hypertonic re- 
suscitation. Jelenko and colleagues resuscitated burn 
patients by adding albumin to a solution containing 
240 mEq/L of Na* (6). Smith and colleagues devel- 
oped a solution similar to that tested by Armistead et 
al. by adding 6.0% Dextran 70 to 7.5% saline, and 
increased the duration of hemodynamic improve- 
ment when compared with equal volumes of hyper- 
tonic saline, sodium bicarbonate, or sodium chloride/ 
sodium acetate (20). Currently, the combination of 
6.0% Dextran 70 in 7.5% saline is undergoing clinical 
trials to determine its clinical applicability as the 
initial intravenous infusion in patients who have 
suffered civilian blunt or penetrating trauma. 

With the exception of fluid resuscitation for burn 
wounds (6-8), the clinical implications of hypertonic 
resuscitation remain unclear because most preclinical 
studies have compared the effects of single boluses of 
experimental and control fluids. Although such a 
design may duplicate acute field resuscitation after 
military or civilian trauma, routine clinical fluid re- 
suscitation rarely consists of a single bolus; rather, it 
continues until clinical signs indicate that no addi- 
tional fluid is required. If single boluses of equal 
volumes of fluids of markedly differing tonicity are 
compared, the results of the comparison are predict- 
able. Therefore, in the study by Armistead and col- 
leagues, 10.0 mL/kg of 6.0% hydroxyethylstarch in 
0.9% saline should fail to produce hemodynamic 
effects equivalent to 10.0 mL/kg of 6.0% hydroxy- 
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Table 2. Possible End Points for Comparison of Resuscitation Fluids 


End point Advantages 
Equal volume Simple calculation 
Equal sodium load Simple calculation 


Equal preload (i.e., CVP, PAOP) 
Equal cardiac output 


Equal oxygen delivery 


Equal oxygen consumption Physiologically reasonable 


CVP, central venous pressure; PAOP, pulmonary artery occlusion pressure. 


ethylstarch in 7.5% saline (1). An alternative compar- 
ison, the infusion of equal quantities of Na™ or equal 
numbers of osmoles dissolved in different volumes of 
water, will probably show that the larger volume 
exerts the greater immediate hemodynamic effect. In 
either case, it is necessary to continue observation 
into the postresuscitation period. Furthermore, it is 
preferable to continue fluid administration, as clinical 
shock would require ongoing fluid infusion. 

An attempt to simulate the clinical situation neces- 
sitates a choice among a variety of possible goals of 
resuscitation. Armistead and colleagues chose to con- 
tinue resuscitation with conventional crystalloid, us- 
ing maintenance of PAOP at baseline values as an 
end point (1). Pulmonary artery occlusion pressure 
reflects the interaction of multiple variables, includ- 
ing blood volume, venous capacitance, left ventricu- 
lar (LV) afterload, LV diastolic compliance, and LV 
contractility. Consequently, comparison of two or 
more resuscitation regimens that alter more than one 
variable may generate misleading conclusions; in 
addition, comparisons between reports may be ren- 
dered virtually impossible. For example, because 
hypertonicity reduces systemic vascular resistance (a 
physiologic effect that failed to attain statistical sig- 
nificance in Armistead’s study), PAOP should also 
decline as systolic ventricular ejection becomes more 
complete; theoretically, therefore, more fluid would 
be necessary to restore a filling pressure similar to 
that produced by hydroxyethylstarch alone. Con- 
versely, if hypertonicity-induced venoconstriction re- 
duced the size of the capacitance bed, as suggested 
by Velasco and colleagues (11), a given blood volume 
should produce a greater PAOP. Therefore, the ob- 
servation that hypertonic solutions do not reduce the 
volume of fluid required after the initial bolus may 


Simple, continuous measurement 
Simple measurement, can be frequently repeated 


Logical, physiologically appealing end point 


Disadvantages 


Different acute effects 

Different time-course 

Different acute effects 

Different time-course- 

Determined by multiple, simultaneously 
changing variables 

Misleading if fluids differentially affect 
hemoglobin concentration 

Difficult calculation to make frequently; 
calculated from two simultaneously 
changing variables 

Difficult calculation to make frequently; 
calculated from two simultaneously 
changing variables 


apply only if PAOP is used as the goal of resuscita- 
tion. 

More physiologically sophisticated goals, also 
based on invasive monitoring, have been proposed. 
Shoemaker and colleagues have recently suggested 
that resuscitation of high-risk surgical patients to 
quantitative, prospectively defined measurements of 
systemic oxygen delivery (Do) improves outcome in 
comparison to less rigorous goals (21). A predeter- 
mined level of Do, is a theoretically attractive end 
point for resuscitation. It combines in a single term 
cardiac output and arterial oxygen content (Cao.) 
according to the equation: 


Do, = cardiac output-Cao,-10. 


However, because asanguineous fluid resuscita- 
tion both increases cardiac output and decreases 
hemoglobin concentration, the application of Do, as a 
goal poses practical difficulties. For example, 
Johnston and colleagues, in the study noted above 
(19), demonstrated an acute 70% increase in cardiac 
output after infusing hypertonic saline in animals 
with oleic acid-induced pulmonary edema. Because 
the increase in cardiac output greatly exceeded the 
acute 12% decline in hemoglobin concentration, Do, 
increased. As the effects on cardiac output dissipated, 
however, the hemoglobin remained lower than pre- 
infusion levels, resulting in a small decline in Do, 
from preinfusion levels. Despite the straightforward 
arithmetic implications of simultaneous increases in 
cardiac output and decreases in Cao,, most clinicians 
attempt to increase cardiac output (whether or not it 
is directly measured) as a goal during rapid volume 
expansion. Alternative end points for resuscitation 
are outlined in Table 2. 
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Figure 1. Example of generation of pressure-volume loops in an 
anesthetized dog. During bicaval occlusion, left ventricular (LV) 
pressure and volume steadily decline to generate a range of 
variably loaded pressure-volume loops. The slope of a line, termed 
end-systolic elastance or Egs, connecting the end-systolic pressure- 
volume points, represents a sensitive indicator of myocardial 
contractile function. In addition, using data obtained from the LV 
pressure-volume loops, LV dP/dt, and LVSW can be compared 
with LV end-diastolic volume (LV EDV). The slopes and volume 
axis intercepts of these relationships represent load-insensitive 
indices of contractile function. With myocardial depression, these 
relationships are shifted downward, causing a decrease in the 
slope values, whereas with enhanced ‘contractile function, these 
relationships are shifted upward, ‘causing an increase in slope 
values. 


Based on increases in LVSW, Armistead and col- 
leagues suggest that hypertonic solutions improve 
LV contractility in endotoxic shock. If so, this obser- 
vation requires experimental and clinical correlation. 
Despite the relatively high cardiac output commonly 
present in human sepsis, myocardial contractility 
may be severely depressed (22). The reported bene- 
ficial effects of hypertonicity on myocardial per- 
formance are varied and include augmentation of 
preload (by volume expansion and reflex venocon- 
striction), increased LV contractility, and reduction of 
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LV dP/dt max (mmHg/sec) 





LV STROKE. WORK (mmig- mi) 





LV EDV (ri) 


afterload (11). However, further interpretation of a 
positive effect on LV inotropy is difficult due to the 
inherent complexity of the relatonship between 
PAOP and LVSW. First, LVSW is z measurement of 
external work performed by the heart, not of myo- 
cardial contractility per se. Second. the relationship 
between PAOP and LVSW is not linear but curvilin- 
ear. The curvilinear relationship reaches a plateau at 
elevated filling pressures because of the exponential 
nature of the diastolic pressure-volume curve (11), 
i.e., at greater diastolic ventricular volumes, further 
increments in LV end-diastolic volume produce large 
increases in LV end-diastolic pressure. In contrast, a 
linear relationship exists betweer. LVSW and LV 
end-diastolic volume (11). 

Armistead and colleagues reported that 6.0% hy- 
droxyethylstarch in 7.5% saline apparently improved 
LVSW in comparison with 6.0% hydroxyethylstarch 
in 0.9% saline at a similar level of PAOP during the 
initial fluid resuscitation. This observation could re- 
sult from enhanced LV contractility, decreased LV 
afterload, or improved LV diastolic compliance. If, as 
the authors postulated, hypertonic saline were to 
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Table 3. Hypertonic Resuscitation Fluids: Advantages and Disadvantages 
Solution Advantages Disadvantages 
Hypertonic crystalloid Inexpensive Hypertonicity 
Promotes urinary flow Precipitation of subdural hematoma 
Small initial volume Transient effect 
Improved myocardial contractility 
Arteriolar dilation 
Reduced peripheral edema 
Lower intracranial pressure 
Hypertonic crystalloid plus colloid More sustained hemodynamic response Added expense of colloid 
(in comparison to hypertonic Reduced subsequent volume requirements Coagulapathy (dex > HES) 
crystalloid alone) Accelerated loss in capillary leak states 


Alb, albumin; dex, dextran; HES, hetastarch. 


improve diastolic compliance, then LV end-diastolic 
volume could increase without changing PAOP. If so, 
the apparent shift could have resulted solely from 
preload augmentation by the Frank—Starling mecha- 
nism, especially as initial ventricular filling pressures 
were low. The relative contributions from increased 
inotropy or afterload reduction cannot be differenti- 
ated using this technique. 

The relationship between PAOP and LVSW, like 
other conventional means of measuring LV contrac- 
tility, is highly sensitive to changes in loading condi- 
tions. Precise quantification of the hemodynamic 
effects of hypertonic saline in septic shock would 
require using a load-insensitive index to interpret any 
direct effect on myocardial performance. Recently, 
three such load-insensitive measures of LV contrac- 
tile performance have been proposed using LV pres- 
sure-volume loops. These are the slopes and volume 
axis intercepts of the LV end-systolic pressure- 
volume relation (Egs) (23), of the LV dP/dt,,,- 
end-diastolic volume relation (24), and of the LVSW- 
end-diastolic volume relation (Figure 1) (25). These 
indices require the accurate determination of LV 
volume over a wide range of variably loaded beats, 
such as those generated during acute caval occlusion, 
but are ideal for assessing LV contractile performance 
as they are insensitive to loading conditions (26,27). 
A decrease in myocardial contractility (i-e., produced 
by global ischemia or B-adrenergic blockade) causes a 
downward shift of these relations. In contrast, a 
steeper slope occurs in response to increased LV 
contractile performance. Further research should in- 
vestigate the response of one or more of these indices 
to hypertonic saline in endotoxic shock. 

Will anesthesiologists and intensivists routinely 
use hypertonic or combination hypertonic/hyperon- 


Decreased Ca** (alb) 
Renal failure (dex) 
Osmotic diuresis 

Impaired cross-match (dex) 
Hypertonicity 


cotic fluids for resuscitation in the future? At present, 
there is no clear answer. Burn resuscitation is the 
only established clinical use of hypertonic resuscita- 
tion solutions. Pending further preclinical work, the 
theoretical advantages of such fluids appear attractive 
in the acute resuscitation of hypovolemic patients 
who have decreased intracranial compliance (16) 
(Table 3). Armistead and colleagues provide tantaliz- 
ing evidence that hypertonic saline may transiently 
improve blood pressure, cardiac output, and myocar- 
dial contractility in experimental septic shock. If the 
effects on myocardial contractility can be confirmed 
using more sensitive measures in animal models of 
sepsis, hypertonic solutions deserve further study as 
adjunctive therapy in the acute stabilization of pa- 
tients in septic shock. 


References 


1. Armistead CW Jr, Vincent J-L, Preiser J-C, De Backer D, Le 
Minh T. Hypertonic saline solution-hetastarch for fluid resus- 
citation in experimental septic shock. Anesth Analg 1989; 
69:714~20. 

2. Maningas PA, DeGuzman LR, Tillman FJ, et al. Small-volume 
infusion of 7.5% NaCl in 6% Dextran 70 for the treatment. of 
severe hemorrhagic shock in swine. Ann Emerg Med 1986; 
15:1131-7. 


3. Weed LH, McKibben PS. Experimental alteration of brain bulk. 
Am J Physiol 1919;48:531-8. 
4. Wilson BJ, Jones RF, Coleman ST, Moyer CA. The effects of 


various hypertonic sodium salt solutions on cisternal pressure. 
Surgery 1951;30:361-6. 


5. Baue AE, Tragus ET, Parkins WM. Effects of sodium chloride 
and bicarbonate in shock with metabolic acidosis. Am J Physiol 
1967;212:54-60. 

6. Jelenko C M, Williams JB, Wheeler ML, et al. Studies in shock 
and resuscitation. I. Use of a hypertonic, albumin-containing, 
fluid demand regimen (HALFD) in resuscitation. Crit Care 
Med 1979;7:157-67. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


. Monafo WW, Chuntrasakul C, Ayvazian VH. Hyperto 


nic 
sodium solutions in the treatment of burn shock. Am J Surg 
1973;126:778-83. 


. Monafo WW. The treatment of burn shock by the intravenous 


and oral administration of hypertonic lactated saline solution. 
J] Trauma 1970;10:575-86. 


. Liang C, Hood WB Jr. Mechanism of cardiac output response 


to hypertonic sodium chloride infusion in dogs. Am J Physiol 
1978;235:H18-22. 


Shackford SR, Sise MJ, Fridlund PH, et al. Hypertonic sodium 
lactate versus lactated Ringer’s solution for intravenous fluid 
therapy in operations on the abdominal aorta. Surgery 1983; 
94:41-51. 


Velasco IT, Pontieri V, Rocha e Silva MR Jr, Lopes OU. 
Hyperosmotic NaCl and severe hemorrhagic shock. Am J 
Physiol 1980;239:H664-73. 


DeFelippe J Jr, Timoner J, Velasco IT, Lopes OU, Rocha e Silva 
M. Treatment of refractory hypovolaemic shock by 7.5% so- 
dium chloride injections. Lancet 1980;8:1002-4. 


Lopes OU, Pontieri V, Rocha e Silva MR Jr, Velasco IT. 
Hyperosmotic NaCl and severe hemorrhagic shock: role of the 
innervated lung. Am J Physiol 1981;241:H883~-90. 

Younes RN, Aun F, Tomida RM, Birolini D. The role of lung 
innervation in the hemodynamic response to hypertonic so- 
dium chloride solutions in hemorrhagic shock. Surgery 1985; 
98:900-6. 

Prough DS, Johnson JC, Poole GV Jr, Stullken EH, Johnston 
WE Jr, Royster R. Effects on intracranial pressure of resuscita- 
tion from hemorrhagic shock with hypertonic saline versus 
lactated Ringer’s solution. Crit Care Med 1985;13:407-11. 
Prough DS, Johnson JC, Stump DA, Stullken EH, Poole GV Jr, 
Howard G. Effects of hypertonic saline versus lactated Ringer's 


solution on cerebral oxygen rt during resuscitation 
from hemorrhagic shock. J Neurosurg 1986;64:627--32. 


17. 


18. 


19. 


20. 


21. 


27. 


EDITORIALS 


Todd MM, Tommasino C, Moore S. Cerebral effects of isovo- 
lemic hemodilution with a hypertonic szline solution. J Neu- 
rosurg 1985;63:944-8. 

Zomow MH, Todd MM, Moore SS. The acute cerebral effects 
of changes in plasma osmolality and oncotic pressure. Anes- 
thesiology 1987;67:936-41. 

Johnston WE, Alford PT, Prough DS, Heward G, Royster RL. 
Cardiopulmonary effects of hypertcnic saline in canine oleic 
acid-induced pulmonary edema. Crit Cane Med 1985;13:814~7. 
smith GJ, Kramer GC, Perron P, Nakayama S, Gunther RA, 
Holcroft JW. A comparison of several hypertonic solutions for 
resuscitation of bled sheep. J Surg Kes 1985;39:517-28. 
Shoemaker WC, Appel PL, Kram HB, Waxman K, Lee TS. 
Prospective trial of supranormal values of survivors as thera- 
peutic goals in high-risk surgical patients. Chest 1988; 
94:1176-86. 


. Parker MM, Shelhamer JH, Bacharach SL, et al. Profound but 


reversible myocardial depression in patients with septic shock. 
Ann Intern Med 1984;100:483-90. 


. Kass DA, Maughan WL. From “Emax” to pressure-volume 


relations: a broader view. Circulation 1988;77:1203-12. 


. Little WC. The left ventricular dP/dt,,,,-end-diastolic volume 


relation in closed-chest dogs. Circ Res 1985;56:808-15. 


. Glower DD, Spratt JA, Snow ND, et al. Linearity of the 


Frank-—Starling relationship in the ir-tact heart: the concept of 
preload recruitable stroke work. Circulation 1985;71:994-1009. 


. Johnston WE, Vinten-Johansen J, Santamore WP, Case LD, 


Little WC. Mechanism of reduced cardiac output during pos- 
itive end-expiratory pressure in the dog. Am Rev Resp Dis (in 
press). 

Little WC, Cheng Che-Ping, Mumma M, Igarashi Y, Vinten- 
Johansen J, Johnston WE. Comparison of measures of left 
ventricular contractile performance derived from pressure- 
volume loops in conscious dogs. Circulacion (in press). 


Comparison of the Fascia Iliaca Compartment Block with the 3-in-1 


Block in Children 


Bernard Dalens, Mp, Guy Vanneuville, Mp, and Alain Tanguy, MD 


DALENS B, VANNEUVILLE G, TANGUY A. Comparison 
of the fascia iliaca compartment block with the 3-in-1 block 
in children. Anesth Analg 1989;69:705-13. 


A new single injection procedure, the fascia iliaca compart- 
ment block, is described for blocking the femoral, lateral 
cutaneous, and obturator nerves. The technique consists of 
injecting a local anesthetic immediately behind the fascia 
iliaca at the union of the lateral with the two medial thirds 
of the inguinal ligament, and forcing it upward by finger 
compression, This block was prospectively evaluated in 60 
pediatric patients aged 0.7 to 17 years undergoing surgery 
of the lower limb, and then compared with a similar group 
of 60 children given a 3-in-1 block. Adequate analgesia was 
only obtained in 20% of the patients given 3-in-1 blocks 
(group 1), whereas the fascia iliaca compartment block 
proved to be easy, free of complications, and effective in 
more than 90% of patients (group 2). Such a high failure 


The intraoperative and postoperative courses of nu- 
merous operations on the upper extremity are im- 
proved by using regional anesthetic techniques, es- 
pecially axillary and supraclavicular brachial plexus 
blocks. The same improvements can be expected for 
operations on the lower extremity. However, due to 
the complexity of the sensory supply to the lower 
limb, either a central block or multiple peripheral 
blocks are necessary for providing adequate anesthe- 
sia. On the one hand, epidural or spinal anesthesias 
are unnecessary and even undesirable for unilateral 
operations; on the other, the performance of several 
peripheral blocks is time-consuming and increases 
the dangers of inaccurate injection and systemic 
toxicity. 

Winnie et al. (1) renewed general interest in re- 
gional anesthesia for operations on the lower extrem- 
ity by describing a multieffective block of the lumbar 
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rate in group 1 was not due to misplacement of the needle 
since a femoral nerve block developed in all patients. 
Therefore it is unlikely that the local anesthetic can spread 
rostrally towards the lumbar plexus then return peripher- 
ally along the issuing nerves, and this was, indeed, not 
confirmed by radiological findings. In the authors’ opinion, 
a multieffective block can only develop when the local 
anesthetic is introduced behind the fascia iliaca, which 
circumscribes a potential space where the femoral, lateral 
cutaneous, and obturator nerves run for a considerable part 
of their course. This report shows that deliberately injecting 
this space almost always results in an easy and effective 
block of these three nerves. The fascia iliaca compartment 
block can be recommended for use in children. 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL—lumbar plexus block, femoral nerve 
block. ANESTHESIA, PEDIATRIC. 


plexus nerves supplying the thigh with a singl 
injection of reasonable amounts of local anésthetic 
the “3-in-1” block. In a number of patients, however 
the block fails to provide adequate anesthesia in area 
supplied by the lateral cutaneous nerve of the thig] 
and the obturator nerve. Furthermore, this bloc 
procedure has not gained wide acceptance in pediat 
rics, since most children are unable to grasp th 
concept of paresthesia. We expected that the use c 
electrical stimulation and insulated needles migh 
allow the application of the 3-in-1 block procedure i: 
children, and even with improved results, but thi 
was not confirmed by our clinical experience. 

We then reevaluated the gross anatomy of th 
lumbar plexus nerves and fascias of the groin an 
thigh in children. Our anatomical findings supporte 
the hypothesis that sufficient amounts of a solutio: 
injected immediately posterior to the fascia iliac 
could spread at the inner surface of this fascia ani 
contact the femoral, lateral cutaneous, genitofemoral 
and obturator nerves that run, at least in part, imme 
diately posterior to the fascia. We then developed 
new blocking procedure, referred to as the “fasci 
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Figure 1. Gross anatomy of the lumbar plexus nerves supplying 
the lower extremity. 

1. Psoas muscle 

2. Lateral cutaneous nerve 


5. Femoral vessels (within 
their specific sheath) 


of the thigh 6. Obturator nerve 
3. Femoral nerve 7. Genitofemoral nerve 
4. Inguinal ligament 8. Iliac vessels 


iliaca compartment” block. The present study was 
designed to evaluate prospectively the efficacy and 
reliability of this new technique and to compare it 
with the 3-in-1 block procedure in 120 pediatric 
patients. The study protocol received institutional 
approval as well as informed consent from parents. 
To reduce interindividual factors, all blocks were 
performed by the same anesthesiologist. 


Material and Methods 
Anatomic Considerations 


The lower extremity is supplied by three nerves 
originating from the lumbar plexus which lies in the 
psoas compartment (3), within the substance of the 
psoas muscle. The lateral cutaneous nerve of the thigh (a 
sensory nerve) emerges at the upper part of the 
ateral border of the psoas muscle (Figure 1). It 
dbliquely crosses the iliacus muscle, immediately 
oosterior to the fascia iliaca, passes behind (or 
‘hrough) the inguinal ligament, and then divides into 
wo terminal branches, which supply sensory inner- 


vation to the lateral aspect of the thigh. The femoral 
nerve (a mixed nerve) also emerges at the lateral 
border of the psoas muscle, runs posterior to the 
fascia iliaca in the groove formed by the psoas with 
the iliacus muscles, passes behind the inguinal liga- 
ment, and then enters the groin in the femoral 
triangle lateral to the femoral vessels (Figure 1). It 
supplies both sensory innervation to the ventral 
aspect of the thigh and the periosteum of the femur 
and motor innervation to the muscles of the front of 
the thigh. The obturator nerve (mixed, but mainly a 
motor nerve) emerges at the medial border of the 
psoas muscle (Figure 1), behind the common iliac 
vessels, from which it is separated by the fascia iliaca. 
It then reaches the obturator foramen, where it di- 
vides into two terminal branches that are then dis- 
tributed to the thigh. An accessory obturator nerve 
may occasionally accompany the obturator nerve. 
Two other lumbar plexus nerves also contribute 
sensory fibers to the upper part of the anterior aspect 
of the thigh: 1) the ilioinguinal nerve, which emerges at 
the lateral border of the psoas muscle, then crosses 
the quadratus lumbarum muscle obliquely, immedi- 
ately posterior to its covering fascia until it reaches 
the iliac crest, where it pierces the transversus abdo- 
minis and the oblique muscles in the direction of the 
spermatic cord (in the male) or the round ligament of 
the uterus (in the female); and 2) the genitofemoral 
nerve, which perforates the psoas muscle, then runs 
on its anterior aspect (Figure 1), posterior to the fascia 


g 


FASCIA ILIACA COMPARTMENT BLOCK 


iliaca, in the direction of the inguinal ligament, where 
it divides in two terminal branches, genital and 
femoral, the latter supplying sensory innervation to 
the skin covering Scarpa’s triangle. 

Thus, the femoral, lateral cutaneous, obturator, 
and genitofemoral nerves run a considerable part of 
their course close to the inner aspect of the fascia 
iliaca. This complex fascia (3) is attached medially to 
the vertebral column and the upper part of the 
sacrum (Figure 2). Rostrally, it covers the psoas 
muscle and blends laterally with the fascia covering 
the quadratus lumbarum muscle. Caudally, it covers 
the iliacus muscle and is tightly attached to the inner 
lip of the iliac crest, and, medially, to the pelvic brim. 
The external iliac vessels are anterior to it, whereas 
the lumbar plexus nerves are posterior to it. At the 
groin, the fascia iliaca is continuous with the poste- 
rior margin of the inguinal ligament. Medially, it 
passes behind the femoral vessels (which are en- 
closed in a common sheath limiting a perivasculary 
space often referred to as the lacuna vasorum) and 
blends with the pectineal fascia which attaches to the 
pecten pubis (Figure 3). At this level, it also derives 
fibers towards the capsule of the hip: these fibers 
form a septum, usually incomplete, which reinforces 
the division between the femoral nerve (wrapped in 
its specific sheath) and the lacuna vasorum within 
which run the femoral vessels. 

More caudally, at the level of the femoral triangle 
the fascia iliaca becomes narrow. Laterally, it attaches 
to the anterior superior iliac spine and then blends 
with the fascia covering the sartorius muscle. Medi- 
ally, it is continuous with the pectineal fascia. It is 
covered by the fascia lata and it forms the roof of a 
fat-filled space, sometimes referred to as the lacuna 
musculorum (adjacent to the lacuna vasorum). 

Finally, the fascia iliaca delimits a potential space, 
the “fascia iliaca compartment,” triangular in shape 
(Figure 2). The limits of this compartment are: 


1) anteriorly, the inner aspect of the fascia iliaca, 
which covers the iliacus muscle and reflects medi- 
ally, thus covering the dorsal, then lateral, then 
ventral, and then medial aspects of the psoas 
muscle; 

2) posteriorly, the outer aspect of the iliacus muscle; 

3) medially, the vertebral column and the upper part 
of the sacrum; and 

4) rostrally and laterally, the inner lip of the iliac crest 
to which the fascia is tightly attached (rostrally and 
medially, the space is continuous with that com- 
prised between the quadratus lumbarum muscle 
and its covering fascia). 


Below the inguinal ligament this space is continuou: 
with the lacuna musculorum, covered by the fasci: 
iliaca, the fascia lata, and then the skin covering thx 
femoral triangle. Injecting a sufficient amount of i 
solution in the lacuna musculorum and favoring it: 
upward migration towards the iliacus muscle shouk 
result in a spread of the solution within the entin 
fascia iliaca compartment, thus allowing all the struc 
tures (especially the nerves) traversing this space t 
be contacted by the solution. 


Patients 


One hundred twenty patients, 78 males and 42 fe 
males, were included in this study after informe: 
consent had been obtained from parents and, as ofter 
as possible, from the children themselves. The pa 
tients ranged in age from 0.7 to 17 years and it 
weight from 7.3 to 79 kg. They all underwent surgen 
of the lower extremity, including 43 emergency pro 
cedures (Table 1). They were randomly allocated t 
one of two equal groups differing from one another it 
the blocking procedure used: 3-in-1 block in the 6 
patients of group 1, and fascia iliaca compartmen 
block in the 60 patients of group 2. 


Methods 


Anesthetic methods. All procedures were carried ou 
in operating rooms after insertion of a periphera 
venous line. Twenty-six patients were kept alert anc 
were given no drugs other than local anesthetics 
Children given general anesthesia in addition t 
regional anesthesia were given 0.02 mg/kg atropin 
and 0.1 mg/kg diazepam; as usual in our pediatri 
unit (4,5), anesthesia was then induced using eithe 
halothane in 35% O,/65% N.O or intravenous thio 
pental (4 mg/kg) as preferred by the patients, anc 
maintained using halothane 0.25% to 0.5% in 35% 
O0,/65% N-O. 

Two needles connected to a plastic extension cath 
eter (“immobile” needles [6]) were used: 1) 50-mm 
long 22-gauge insulated needles (Top needles) i 
group 1, and 2) 50-mm-long 24-gauge short beve 
needles (Plexufix from Braun) in group 2. A nerv 
stimulator (Myotest from Datex), adjusted to deliver ` 
mA impulses every second, was used in all patient 
in group 1. All patients were given the same anes 
thetic solution consisting of a mixture of 1% lidocain 
with 0.5% bupivacaine, both with 1:200,000 epineph 
rine. The volumes of local anesthetic injected wer 
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Figure 2. Diagrammatic representation of the fascia 
iliaca. (Note the reflection of the fascia close to the 
vertebral column.) 
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FASCIA ILIACA COMPARTMENT BLOCK 


Figure 3. Transverse section at the root of thigh. 
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Table 1. Surgical Indications in Two Groups of Patients 
Anesthetized by 3-in-1 Block (Group 1) or Fascia Iliaca 
Compartment Block (Group 2) 








Indication Group 1 Group 2 
Fracture of the femur 19 Fi 
Surface operations of the thigh 11 9 
(wounds, skin grafts, abscesses) 
Removal of implants ard biopsies of 15 10 
the femur 
Operations necessitating the placement 11 21 
of a tourniquet at the thigh 
Slipped capital femoral epiphysis + 3 
a eS 


calculated on weight basis in both groups: 0.7 mL/kg 
for children weighing less than 20 kg, 15 mL for those 
weighing 20 to 30 kg, 20 mL for 30 to 40 kg children, 
25 mL for those 40 to 50 kg in weight, and 27.5 mL for 
those weighing over 50 kg. 


Blocking procedures. A modification of the 3-in-1 
block (1) using electrical stimulation for precise nerve 
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location was used in group 1. With the patients in the 
supine position, the site of puncture was marked on 
the skin 0.5 to 1 cm below the inguinal ligament and 
lateral to the femoral artery. The block needle was 
advanced in a sagittal plane at a 30° angle to skin, 
pointing rostrally, until muscle twitches were elicited 
in the quadriceps femoris muscle. Then finger pres- 
sure was applied “gently but firmly just distal to the 
needle” (1) before injection, to force the anesthetic 
upwards. After the needle had been withdrawn, the 
finger pressure was maintained for a few minutes 
while the area was massaged to favor upward diffu- 
sion. 

The technique of the fascia iliaca compartment 
block used the same dorsal recumbent position for 
the patients. A projection of the inguinal ligament 
was drawn on the skin from the pubic tubercle to the 
anterior superior iliac spine and divided in three 
equal parts. The site of puncture was marked 0.5 cm 
caudal to the point where the lateral joined the two 
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Table 2. Distribution of Anesthesia 
Lateral cutaneous 
Femoral nerve nerve Obturator nerve Genitofemoral nerve* 

Anesthesia Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 
Complete 

Sensory 60 60 9 55° 8 53° 10 55 

Motor 8 1 c c d d a a 
Incomplete 

Sensory 0 0 3 4 1 5 1 2 

Motor 39 29° € g a d a a 
Absent 

Sensory 0 0 48 1? 51 2 49 3 

Motor 13 37° © s A R a . 


: "Femoral branch of the gerutofemoral nerve providing sensory supply to Scarpa’s triangle. 


Significant difference when compared to group 1. 
“The lateral cutaneous nerve of the thigh is a sensory nerve. 


“The clinical test used for testing motor blockade did not allow definitive conclusions regarding the obturator nerve. 


medial thirds of this line. The needle was inserted at 
a right angle to the skin while gentle pressure was 
exerted on the barrel of a syringe filled with the local 
anesthetic and connected to the block needle. A first 
“give” followed by a loss of resistance was felt as the 
tip crossed the fascia lata. The needle was advanced 
further until another “give” and another loss of 
resistance was felt as the fascia iliaca was pierced: the 
anesthetic solution was then injected, at the same 
time exerting a firm compression immediately caudal 
to the needle to favor the upward spread of the 
anesthetic. After the needle had been withdrawn, the 
swelling in the groin was firmly massaged to improve 
rostral diffusion of the local anesthetic within the 
fascia iliaca compartment. 

Monitoring procedures and evaluation of anesthesia. 
Electrocardiogram tracings, respiratory rate, and 
blood pressure (Dinamap) were monitored during all 
procedures. Tidal volume, end-tidal CO,, and halo- 
thane concentration were continuously monitored in 
patients given general anesthesia. 

The blocking procedure was considered successful 
when the lateral, ventral, and medial aspects of the 
thigh were anesthetized permitting the scheduled 
surgical procedure to be completed on a motionless 
patient without any additional treatment. The extent 
of analgesia was evaluated in both groups at the end 
of the surgical procedure by skin pinching. Anesthe- 
sia was considered complete when no reaction or 
complaints of pain occurred during application of the 
nociceptive stimulus. It was considered incomplete if 
the patient either complained a little of pain or had 
motor responses not observed after pinching of adja- 
cent areas. 

Motor blockade was evaluated at the end of the 
operation in both groups, either by asking the patient 
to move his or her leg and/or by applying nociceptive 


stimuli aimed at eliciting withdrawal movements. 
(This crude evaluation was suitable for testing the 
quadriceps femoris muscle, supplied by the femoral 
nerve, but it did not permit conclusions regarding the 
function of the adductors of the thigh, supplied by 
the obturator nerve.) 

The duration of the sensory block was measured as 
the time between injection and the first evidence of 
pain (complaints of pain; crying; grimacing; restless- 
ness; or autonomic responses suci as tachycardia, 
hypertension, or sweating) occurring either sponta- 
neously or with hourly assessments using skin pinch- 
ing of the ventral aspect of the thigh (supplied by the 
femoral nerve). 


Statistical methods. Data from the two groups were 
compared using both parametric (Student’s t-test) 
and nonparametric (Mann—Whitney test) tests. Qual- 
itative parameters were evaluated using chi-square 
test. Differences were considered statistically signifi- 
cant at level P < 0.05. 


Results 


Patients in the two groups did not differ significantly 
with regard to age, weight, surgical indications, or 
gender. The same 2:1 predominance of males was 
seen in both groups. 


Group 1 (3-in-1 Block) 


The femoral nerve was located in every case on the 
first attempt in 51 procedures. In nine patients, a 
second attempt had to be made due to reflux of blood 
into the syringe (arterial in three. venous in two) 
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Figure 4. Spread of a solution containing con-rast media (data from 
patients not included in the study protocol). (A) 3-in-1 block. Note that 
the solution does not reach the psoas compartment where the lumbar 
plexus lies. (B) Fascia iliaca compartment block. Note the spread of the 
solution along the anterior aspect of the iliacus muscle and the medial 
increase in opacity, probably due to superimposition resulting from 
the reflection of the fascia iliaca compartment covering successively: 1) 
the anterior aspect of the iliacus muscle, then 2) the posterior, and 3) 
the anterior aspects of the psoas muscle. 








upon initial insertion of the needle or misplacement patients. All patients developed a femoral block, but 
of the needle (absence of muscle twitches in four). the procedure was totally successful only in 12 chil- 
During injection, swelling in the groin occurred in 11 dren, including the 11 individuals who developed 
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swelling in the groin. The spread of the anesthetic 
solution when no swelling had occurred is shown in 
Figure 4A. The distribution of sensory and motor 
blockades is shown in Table 2. There were no com- 
plications, and postoperative pain relief lasted 6.2 + 
1.4 hours. 


Group 2 (Fascia Iliaca Compartment Block) 


The two characteristic “gives” resulting from the 
crossing of the needle through the fascia lata and 
then through the fascia iliaca were felt on the first 
attempt in 59 patients, and on the second attempt in 
one child. Swelling in the groin occurred in 59 pa- 
tients, and the block procedure was successful in 55. 
The spread of the local anesthetic is shown in Figure 
4B. The one patient who did not show any swelling in 
the groin developed a femoral nerve block only. The 
distribution of anesthesia is shown in Table 2: motor 
blockade of the femoral nerve developed less often in 
group 2 than in group 1 (a statistically significant 
difference [P < 0.05]), whereas sensory blockade of 
the lateral cutaneous, obturator, and the femoral 
branch of the genitofemoral nerves occurred more 
often (also statistically significant [P < 0.05]). No 
complications were observed and postoperative pain 
relief lasted 5.0 + 1.3 h (significantly less than in 
group 1 [P < 0.05}). 


Discussion 


The fascia iliaca compartment block proved to be easy 
and free of adverse effects. The technique resulted in 
blocking the three main lumbar plexus nerves sup- 
plying the thigh in more than 90% of procedures and 
did not require expensive materials or unusual skills. 
On the other hand, the use of a nerve stimulator did 
not improve, and even worsened, the results of the 
3-in-1 block procedure (1). These poor results were 
not due to misplacement of the needle since a femoral 
block developed in all patients, as confirmed by the 
spread of the local anesthetic within the perifemoral 
nerve sheath (Figure 4A). While suspecting the im- 
portance of the fascia iliaca, Winnie et al. (1) sug- 
gested that the local anesthetic injected within the 
femoral nerve sheath could spread upward, thus 
reaching the lumbar plexus, within the psoas com- 
partment, and then spreading backward along the 
lateral cutaneous and obturator nerves. In their pa- 
per, the authors included radiographs taken after the 
injection of contrast material, but as seen in Figure 
4A, the local anesthetic does not extend out of the 
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pelvis and does not reach the psoas compartment. 
Furthermore, in our experience of lumbar plexus 
blocks (7), we did not observe any spread of anes- 
thetic solution from within the psoas compartment, 
where the solution was directly introduced, towards 
either the femoral, lateral cutaneous, or obturator 
nerve. Thus, the hypothesis of Winnie et al. (1) is not 
supported even by their own data, and another 
explanation has to be found to explain why, in a 
number of patients, three separate nerves can be 
blocked by a single injection of a local anesthetic. In 
our group 1, 11 of the 12 patients with a block of the 
lateral cutaneous nerve developed swelling in the 
groin during injection. Our hypothesis is that these 
patients were, in fact, actually given a fascia iliaca 
compartment block and we think that at least in most 
cases, the 3-in-1 block is successful when the tip of 
the needle does not lie within the perifemoral nerve 
sheath, but outside of it (even if still very close to it), 
within the fascia iliaca compartment. Confirmation of 
this hypothesis can be found in the development of 
inadvertent 3-in-1 blocks following various peripheral 
nerve blocks at the thigh, such as lateral cutaneous 
nerve blocks (8,9). Since using a nerve stimulator 
improves the accuracy of the location of the femoral 
nerve, it may be expected that the tip of the block 
needle is inserted in and stays within the perifemoral 
nerve space (limited by the femoral nerve sheath) 
more often than after a blocking procedure eliciting 
paresthesias only. This may explain why the use of a 
nerve stimulator did not improve the distribution of 
anesthesia in group 2 but even worsened it. 

Whereas the distribution of analgesia was signifi- 
cantly improved by using the fascia iliaca compart- 
ment block technique, the duration of postoperative 
pain relief was significantly reduced (by approxi- 
mately 1 h). This may be due to the more extended 
spread of the local anesthetic to the vicinity of highly 
vascularized tissues (especially the iliacus muscle) as 
compared to the spread following a 3-in-1 block 
within the perifemoral nerve space, a space with a 
relatively poor venous drainage. Thus, the probably 
higher vascular uptake after fascia iliaca compartment 
blocks may account for the decrease in duration of 
postoperative analgesia. 

In conclusion, the fascia iliaca compartment block 
technique is easy, reliable, and provides a high de- 
gree of sensory blockade of the lumbar plexus nerves 
that supply the thigh using reasonable amounts of 
local anesthetic. This technique requires neither un- 
usual skills nor expensive devices, and it does not 
threaten any vital organ. We believe that this tech- 
nique can be recommended for use in children. 
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Hypertonic colloid solutions have been found efficacious in 
the resuscitation from hemorrhagic/traumatic shock. The 
present study investigated the hemodynamic, gasometric, 
and metabolic effects of hypertonic colloids in endotoxic 
shock in the dog. Thirty minutes after administration of 3 
mg/kg normal body weight of Escherichia coli endotoxin, 
dogs were randomly assigned to receive 10 mL/kg hydroxy- 
ethylstarch (HES) either in 0.9% NaCl (HES, 10 dogs) or 
in 7.5% NaCl (HT-HES, 10 dogs) in 30 min. Thereafter, 
0.9% NaCl solution was administered in volumes adequate 
to maintain pulmonary artery balloon-occluded pressure at 
baseline levels. Total fluid administered averaged 64 + 30 
mL/kg (mean + sp) in the HES group and 73 + 34 mL/kg 
in the HT-HES group. As these differences were not 
statistically significant, total sodium load was higher in the 


HT-HES group. The persistent volume effect was associated 
with persistently lower hematocrit and protein levels in the 
HT-HES group. Initial fluid resuscitation with HT-HES 
resulted in arterial pressure, cardiac filling pressures, 
cardiac output, stroke volume, and rates of oxygen delivery 
and oxygen consumption that were greater than those with 
HES. Vascular resistances were similar. Analysis of left 
ventricular function curves also indicated an improvement 
in cardiac performance. However, these effects almost com- 
pletely vanished during the remainder of the study. In the 
HT-HES group, serum sodium and osmolality levels in- 
creased to 167 + 4 mEq/L and 344 + 4 mOsm/kg H-O, 
respectively. Therefore, in the initial fluid resuscitation 


from septic shock, hypertonic colloids can have beneficial 


effects that are attributed to an increase in plasma volume 
and an improvement in cardiac function; but these effects 
are only transient. 


Key Words: SHOCK, septic—resuscitation. FLUID 
BALANCE. 





a OUO 


Hypertonic saline solutions have been effectively 
used for many years in the fluid resuscitation of 
animals (experimentally) and of patients with severe 
hypovolemia (1-6). Possible mechanisms responsible 
for the beneficial effects seen with these solutions 
include increased plasma volume (7,8), improved 
myocardial contractility (9,10), widespread vasodila- 
tion (11,12), and an as yet ill-defined reflex mecha- 
nism causing a sustained hemodynamic improve- 
ment independent of significant volume expansion 
(13,14). In circulatory shock, these effects also could 
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be related to the reversal of cellular abnormalities 
(15). 

The role of hypertonic solutions in the treatment of 
septic shock is less well defined. Hypertonic solu- 
tions of glucose, insulin, and potassium (GIK) in- 
crease cardiac output and oxygen consumption in 
septic shock both experimentally (16,17) and clinically 
(18). However, these effects appear to be related to 
the hyperosmolarity rather than to the metabolic 
effects of the mixture (17). In a recent study from our 
laboratory (19), hypertonic saline solution was used 
in the treatment of experimental endotoxic shock and 
was found to restore oxygen transport and consump- 
tion rapidly (19). Another recent study of experimen- 
tal endotoxic shock related the hemodynamic im- 
provement to the total sodium load administered, 
whether it was given isotonically or hypertonically 
(20). 

The combination of hypertonic saline solution with 
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colloids has been suggested as enhancing the vascu- 
lar effects of these fluids (6,21—23). In bled sheep, the 
combination of hypertonic saline solution with dex- 
tran has been found superior to a number of other 
solutions of equal tonicity in maintaining plasma 
volume, mean arterial pressure, and cardiac output 
(22). Kramer et al. (22) used hypertonic saline solu- 
tion-dextran for small volume resuscitation of sheep 
with severe hemorrhagic shock and found cardiac 
output, oxygen consumption, and urine output to be 
significantly greater than those with resuscitation 
with the same volume of lactated Ringer's solution. 
These authors recently used the same solution in the 
resuscitation of severely injured patients and ob- 
served a more rapid hemodynamic stabilization asso- 
ciated with an improved survival (6). 

To our knowledge, hypertonic colloid solutions 
have not been used in the resuscitation from septic 
shock. In the present study, we evaluated the hemo- 
dynamic, gasometric, and metabolic effects of 6% 
hydroxyethylstarch (HES) in 0.9% NaCl or in 7.5% 
NaCl used in the initial fluid resuscitation from septic 
shock. We used an endotoxin dog model in which 
fluid administration produces a low resistance type of 
shock (19,24,25). 


Methods and Material 


Twenty mongrel dogs (28 + 7 kg) were randomly 
divided into two groups of 10 each, one group to 
receive HES in 0.9% NaCl (Plasmasteril, Fresenius 
AG) and one group to receive HES in 7.5% NaCl 
(after sterile addition of NaCl in the hospital phar- 
macy) for initial resuscitative fluid. After an overnight 
fast with water available, the dogs were anesthetized 
with intravenous pentobarbital 25 mg/kg. Anesthesia 
was maintained with additional intravenous doses of 
15-30 mg as needed. Cuffed endotracheal tubes were 
inserted and the lungs ventilated with a volume- 
cycled ventilator (Siemens-Elema 900 Servo) at a rate 
of 12 breaths/min and an Fig, of 0.21. Tidal volume 
was adjusted to maintain Paco, between 35 and 45 
mm Hg. End-tidal CO, was monitored continuously 
(Capnograph 47210 A, Hewlett-Packard). Arterial 
and venous catheters (16G8, Becton, Dickinson and 
Co.) were placed surgically in the right femoral 
vessels and advanced to the distal aorta and inferior 
vena cava, respectively. A balloon-tipped flotation 
catheter (Swan-Ganz catheter model 93A-131H-7F, 
American Edwards Laboratories) was placed surgi- 
cally in the right external jugular vein and advanced 
to the pulmonary artery. Position was confirmed by 
intravascular pressure waveforms. Heart rate and 
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intravascular pressures were recorded (7404A re- 
corder, Hewlett-Packard) on standard paper tracings. 
Cardiac output was measured by thermodilution 
technique with use of 5 mL of cold (<2°C) 5% 
dextrose in water at end-expiration. Three to six 
measurements were averaged. Blood gas tensions 
were measured by an automated analyzer (ABL2, 
Radiometer). Arterial and venous hemoglobin satu- 
rations were calculated and corrected for temperature 
and pH with use of Rossing and Cain’s nomogram 
(26). The following baseline data were obtairied be- 
fore endotoxin administration: arterial pressure (AP), 
pulmonary artery pressure (PAP), pulmonary artery 
balloon-occluded pressure (PAOP), and right atrial 
pressure (RAP), cardiac output (CO), arterial and 
mixed venous blood gas tensions, hemoglobin and 
hematocrit, plasma protein and serum electrolyte 
levels, serum osmolarity, and arterial lactate concen- 
tration. After this, E. coli endotoxin (lipopolysaccha- 
ride W. E. coli 055:B5, Difco) 3 mg/kg was slowly 
injected (over 1 min) IV. Zero time (T) was taken as 
the start of this injection. The dogs were undisturbed 
for 30 min, after which all baseline measurements 
were repeated (T3). The dogs were then given the 
appropriate initial resuscitative fluid according to 
prior randomization at 20 mL-kg~?-hr~* for 30 min. 
At the end of this infusion (T,,), all baseline measure- 
ments were again repeated. Resuscitation was con- 
tinued in both groups with 0.9% NaCl with the rate of 
infusion adjusted every 10 min to maintain PAOP at 
baseline (preendotoxin) levels. Intravascular pres- 
sures, cardiac output, arterial and mixed venous 
blood gas tensions were measured every hour. All 
baseline measurements were repeated at 240 min 
before the 0.9% NaCl infusion and mechanical venti- 
lation were discontinued. Intravenous catheters were 
removed, wounds closed, and the dogs returned to 
their cages with tracheal tube still in place. The dogs 
were observed the morning after to determine mor- 
tality. 
Stroke volume (SV), systemic (SVR) and pulmo- 
nary (PVR) vascular resistance, left (LVSW) and right 
(RVSW) ventricular stroke work, oxygen delivery 
(O,del) and consumption (VO,), alveolar-arterial ox- 
ygen gradient (A-aO.), and venous admixture (Qs/ 
Qt) were calculated by the following formulas: 


SV (mL) = CO/RR, 
SVR (dynes-sec-cm~5) = (AP — RAP) x 80/CO, 
PVR (dynes-sec-cm~°) = (PAP ~ PAOP) x 80/CO, 


LVSW (g/m) = SV x (MAP — PAOP) x 0.0136, 
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Table 1. Fluid and Sodium Intake in the Two Groups 
of Dogs 





Time intervals (min) 





T39-Té0 Teo-T: 20 T 1 20-T 180 T l s0- T240 

Fluid intake 

(mL/kg) 

HES 10.0 24 £ 12 20 + 12 10 + 10 

HT-HES 10.0 21 + 12 728 en F 20% 17 
Sodium intake 

(mEq/kg) 

HES 15 3.8 + 1.9 See 21 1.8 

HT-HES 12.0 kE A) 34 2:0 3.1 + 2.8 





RVSW (g/m) = SV x (PAP — RAP) x 0.0136, 


O,del (mL/min) = (CO x CaO,) x 10, 


VO, (mL/min) = CO x (CaO, — CvO,) x 10, 
A-aO, (mm Hg) = (PBar — 47) x 0.21 — PO, + PCO,/0.8, 


Qs/Qt (%) = (CcO, — CaO,)(CcO, — CVO,), 


where CcO,, CaO , and CvO, represent the oxygen 
contents of pulmonary capillary and arterial and 
mixed venous blood, respectively. Cardiac output, 
SV, LVSW, RVSW, O,del, and VO, were referred to 
the weight of each dog. 

Statistical evaluation was performed by a multivari- 
ate analysis of variance (MANOVA, SPSS update 9.0) 
for repeated measures designs, to evaluate the effects 
of time and treatment. Differences in fluids infused 
were evaluated by a Student’s t-test for unpaired 
data. Differences in survival were evaluated by a y 
analysis. A 95% confidence level was accepted for 
Statistical signification. Results are expressed as mean 
= SD. 


Results 


Total fluid administered was 64 + 30 mL/kg in HES 
and 73 + 34 mL/kg in HT-HES (differences not 
significant). As there were no significant differences 
in sodium administered after initial resuscitation, 
total sodium load was higher in HT-HES (Table 1). 
As anticipated, endotoxin administration was im- 
mediately followed by significant decreases in arterial 
pressure, filling pressures, and cardiac output (Fig- 
ures 1 and 2). With initial fluid resuscitation, cardiac 
filling pressures increased more after HT-HES than 
after HES. Thereafter, they returned to baseline levels 
as part of the protocol (Figure 1). In the HT-HES 
group, arterial pressure also increased transiently; 
although this increase did not reach statistical signif- 
icance (Figure 1). Pulmonary artery pressure followed 
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Figure 1. Changes in arterial pressure, pulmonary artery balloon- 
occluded pressure, and right atrial pressure over time in the dogs 
initially resuscitated (period represented by the shaded area) with 
normotonic HES (open circles, broken lines) or hypertonic HES 
(closed circles, continuous lines). Thereafter, all dogs were treated 
with normotonic saline solution. *P < 0.05 between the two groups 
of animals. 
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Figure 2. Evolution of cardiac output, stroke volume, and heart 
rate in the two groups of animals (see Figure 1). 


a similar pattern. In the HT-HES group, heart rate 
was slightly higher after initial fluid resuscitation 
(Figure 2). Cardiac output was higher in the HT-HES 
group with the differences being significant at 60 and 
120 min (Figure 2); it was also significantly above 
baseline at these times. Stroke volume followed a 
comparable course with differences being signifi- 
cantly greater also at the end of the study (Figure 2). 
During fluid infusion, systemic vascular resistance 
decreased significantly in both groups and remained 
decreased (Figure 3). There were no significant dif- 
ferences in systemic or pulmonary vascular resistance 
between the two groups. 
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Figure 3. Changes in left ventricular stroke work, right ventricular 
stroke work, and systemic vascular resistance over time in the two 
groups of animals (see Figure 1). 


At the end of the initial fluid resuscitation, both 
left ventricular and right ventricular stroke works 
were substantially higher after HT-HES (Figure 3). 
This suggested that cardiac performance improved, 
as pulmonary-artery balloon-occluded pressure, re- 
flecting left ventricular end-diastolic pressure, 
reached values similar to those observed later during 
the study. This improvement in cardiac function, 
however, appeared transient (Figure 4). 

After initial fluid resuscitation, the rate of oxygen 
delivery was higher in the HIT-HES group and was 
associated with a greater oxygen consumption 
(Figure 5). Each dog had significant increases in blood 
lactate levels after endotoxin followed by some de- 
crease with fluid resuscitation, but there were no 
significant differences between the two groups of 
animals (Table 2). Both groups had significant and 
similar increase in A-aO, and Qs/Qt during the study 
(Table 2 and Figure 5). 

Hematocrit increased significantly in all dogs after 
endotoxin administration; it remained elevated in the 
HES group and decreased significantly in the HT- 
HES group (Table 2). Total serum protein levels 
decreased in both groups during the study but the 
decrease was greater in the HI-HES group. After 
HT-HES, serum sodium levels increased to 167 + 4 
mEq/L (range 159-172 mEq/L) and serum osmolarity 
to 344 + 4 mOsm/kg H,O (range 337-349 mOsm/kg 
H,O). In the HES group, neither serum sodium nor 
osmolarity levels changed significantly. In the HT- 
HES group, serum potassium concentration de- 
creased significantly but transiently to 2.8 + 0.6 


mEq/L (Table 2). 
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Figure 4. Left ventricular function curves represented by left ven- 
tricular stroke work versus pulmonary artery balloon-occluded 
pressure in the dogs treated with normotonic HES (open cirdes, 
broken lines) and with hypertonic HES (closed circles, continuous 
lines). The time intervals are the same as those in preceding 
figures. During initial fluid resuscitation (from the second to the 
third points), left ventricular function increased significantly more 
in the hypertonic group. 
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Figure 5. Evolution of O, delivery, O, consumption, and venous 
admixture in the two groups of animals (see Figure 1). 

Three dogs in the HT-HES group and one dog in 
the HES group survived to the next morning. This 
difference in survival was not statistically significant. 


Discussion 


Hypertonic saline solutions can rapidly restore intra- 
vascular volume by pulling water from the intracel- 
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Table 2. Biochemical Changes Observed during the Study 


To 

Hematocrit (%) 

HES 44+ 7 

HT-HES 40 +5 
Proteins (g/dL) 

HES 6.1 & 0.7 

HT-HES 58 20.5 
Osmolarity (mOsm/kg H70) 

HES 307 + 10 

HT-HES 297 +4 
Sodium (mEq/L) 

HES 150 + § 

HT-HES 145 43 
Potassium (mEq/L) 

HES 3S END 

HT-HES 3.0 k 0,6 
Lactate (mEq/L) 

HES 1.3 2 0.5 

HT-HES 24 16 
A-aDO, (mm Hg) 

HES 24 t9 

HT-HES a0 IS 


ap < 0.05 from baseline (T,); "P < 0.05 between HES and HT-HES. 


lular space into the interstitial and intravascular spaces 
(7). Hypertonic saline solutions may also improve 
myocardial performance by a direct effect on contrac- 
tility (8-10) or by widespread precapillary vasodilation 
(11,12). Some hemodynamic effects can also result 
from a vagally mediated reflex mechanism triggered 
by the passage of hypertonic fluid through the pulmo- 
nary vascular bed (13,14). During shock states, im- 
proved myocardial performance can also be due to 
decreases in myocardial cell edema and restoration of 
myocardial cell transmembrane potentials (15,17). 

In hemorrhagic shock, the combination of hyper- 
tonic saline solution with colloids provides both ex- 
perimentally (22,23) and clinically (6) a greater and 
more sustained hemodynamic improvement than 
normotonic solutions. The proposed explanation is 
that the addition of colloids increases the plasma 
volume expansion. As fluid repletion remains a cor- 
nerstone in the management of septic shock and as 
colloids are often used in the early resuscitation of 
shock states, we compared the use of a given amount 
of colloids prepared either in normotonic or in hyper- 
tonic saline solution. We selected 6% hetastarch as 
the colloid component because it is both effective and 
safe even with relatively large volumes (27-29) and 
offers substantial cost advantages over albumin. We 
used 7.5% NaCl as the hypertonic saline solution 
component because this concentration appears to 
induce the maximal hemodynamic effects with overt 
toxicity (30). For this initial fluid resuscitation, we 
infused a standard amount of 10 mL/kg of colloid 
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T39 Teo T 40 
51 + 8? 52 + 9° 48 + 8 
48 + 8° 44 + 7 42 + 10 
5.9 + 0.8% 4.6 + 0.7 3.9 + 0.8? 
5.7+0.7 3.9 + 0.57” 3.5 + 0.67 
307 + 9 309 + 9 306 + 7 
299 + 5 344 + 47° 326 + 4% 
148 +5 147+5 150 +5 
145 +2 167 + 4°" 161 + 22! 
3.6+0.5 3.3+0.5 4.0 + 0.6 
3.3 + 0.6 2.8 + 0.6" 4.0 + 1.0 
4.3 + 1.6" 3.9 + 1.6 3.1 + 1.5% 
4.7 + 2.2% 4.4+2.07 3.1+ 1.6 
33 + 12° 27 + 10 26 + 13 
32 + 13 17 + 13 28 + 12 


fluids, as this corresponds to the initial fluid require- 
ments in this dog model (19,24,25). 

The total amount of fluids required was not re- 
duced in the dogs initially given HT-HES. This is 
surprising in view of the expected volume effect of 
the saline solution load, which was also associated 
with a significant increase in cardiac filling pressures. 
This also contrasts with previous studies in animals 
(20) and in humans (2-4,21) in which hypertonic 
solutions significantly decreased fluid requirements 
for resuscitation. This difference could be explained 
by an only transient volume effect of hypertonic 
solution in our model where fluid requirements were 
very high. However, the volume effect of HT-HES 
appeared maintained in view of the persistently 
lower proteins and hematocrit levels in this group. 
Hence, a larger blood volume was maintained in the 
presence of similar intravascular pressures, suggest- 
ing greater cardiovascular compliance, possibly re- 
lated to a reduction of cellular edema with hyperos- 
molar solutions (7,17). It is also consistent with the 
vasodilating effect of those hypertonic solutions 
(11,12), although the lack of differences in vascular 
resistances plays down this phenomenon. 

Cardiac output increased markedly after HT-HES 
to levels higher than those of baseline. The higher 
sodium load and the concurrent increase in cardiac 
filling pressures indicate that this was primarily due 
to a volume effect. The study of the left and the right 
ventricular function, however, also revealed a posi- 
tive effect of the hypertonic solution on cardiac per- 


HYPERTONIC COLLOIDS IN SEPTIC SHOCK 


formance. An improvement in myocardial contractility 
could be related to a direct hyperosmolar effect (9,10), 
to a restoration of altered myocardial transmembrane 
potentials (15), or a decrease in myocardial edema (17). 
This latter mechanism, however, was unlikely as it 
occurred early and was only transient. 

The higher cardiac output associated with hyper- 
. tonic HES was accompanied by increases in oxygen 
transport and oxygen consumption, presumably re- 
flecting a coricurrent improvement in tissue blood 
flow (31,32). Thus, hypertonic solutions could 
shorten the cellular ischemia or hypoxia. Although 
plasma lactate levels tended to be lower in HT-HES, 
they were not significantly different in the two 
groups. Survival was also not significantly different 
between the two groups. Hence, the transient in- 
crease in oxygen delivery above baseline levels and 
the persistent volume effect of the hypertonic fluid 
were not shown to be beneficial. 

Administration of hypertonic HES significantly in- 
creased serum sodium and osmolarity, which re- 
mained within relatively narrow ranges that would be 
clinically acceptable. Similar levels of serum sodium 
and osmolarity have been previously reported in hu- 
man studies using hypertonic saline solution without 
adverse effects (3,4,33). Hypokalemia also occurred 
transiently and was probably due to an intracellular 
potassium shift, as it resolved spontaneously. 

Hypertonic solutions can also have potentially 
beneficial effects in the presence of cerebral edema 
(34,35). They can also improve the distribution of 
pulmonary blood flow in the presence of acute lung 
injury (36,37). In the present study, hypertonic HES 
had no significant effect on blood gas tensions. De- 
spite considerable venous admixture in this model, 
the formation of pulmonary edema is limited after 
endotoxin administration in the dog (38). 

Our data indicate that hypertonic colloid solutions 
increase arterial pressure and cardiac output in the 
early resuscitation from septic shock. These effects 
appear related both to a volume effect and to an 
improvement in cardiac function. Hypertonic saline 
colloid solutions, therefore, offer a possible means for 
rapid restoration of hemodynamic stability in septic 
shock. However, the hemodynamic changes are 
largely transient, even though the effects on blood 
volume appear to persist. The long-term beneficial 
effects in the course of septic shock remain to be 
demonstrated. 


We thank Eddy Coussaert and Francis Cantraine for help in the 
computerized analysis of the results. 
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Effects of Halothane on the Conduction System of the Heart 


in Humans 


Gert J. Scheffer, mp, Remmet Jonges, BME, H. Steele Holley, MD, Cees A. Grimbergen, PhD, 
Henk H. Ros, pnp, Abraham Peper, and Leo H. D. J. Booij, Mp, Php 


SCHEFFER GJ, JONGES R, HOLLEY H5, 

GRIMBERGEN CA, ROS HH, PEPER A, BOOIJ LHDJ. 
Effects of halothane on the conduction system of the heart 
in humans. Anesth Analg 1989;69:721-6. 


The effects of 2.0 MAC halothane on atrioventricular 
conduction times in humans were studied. A real-time 
recording system for the detection of surface His-Purkinje 
potentials based on signal averaging techniques was used. 
Recordings were made in 23 patients before and after the 
administration of halothane. In 18 patients we were able to 
measure atrial (P-H) and His-Purkinje (H-V) conduction 
times (78%). A small but statistically significant decrease 
in P-H conduction times from 115.3 + 3.9 (sem) to 110.8 


Both in vivo and in vitro studies indicate that 
halothane impairs conduction in the specialized con- 
ducting system of the heart (1-3). Impaired conduc- 
tion is a cause for heart block and for reentrant 
dysrhythmias (4). With invasive His bundle electro- 
cardiography it is possible to localize the effects of 
anesthetics and other drugs on the atrial, atrioven- 
tricular (AV) nodal, or His-Purkinje portions of the 
conduction system in the canine heart (5-7). Catheter 
His bundle studies of the effects of anesthetics on 
atrioventricular conduction have not been performed 
in humans because of the considerable risk involved. 
Noninvasive recording of the electrical activity of the 
His-Purkinje system (HPS) was first reported in 1973 
and proved to be a reliable and reproducible method 
(8-10). His-Purkinje signals obtained by this method 
have a smaller magnitude than interference signals 
from the body surface. In this study we used signal 
averaging techniques to increase the signal-to-noise 
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+ 4.2 ms was found (P = 0.01). H-V conduction times did 
not change significantly. Heart rates decreased significantly 
from 87.6 + 2.6 to 74.8 + 2.5 beats/min (P = 0.01). 
Systolic blood pressures decreased from 118.9 + 3.7 to 
103.6 + 4.2 mm Hg. It is concluded that the decrease in 
heart rate and the decrease in atrial conduction time caused 
by halothane can be explained by interactions of several 
different mechanisms. The specific combination of slowing 
heart rate and a decrease of atrial conduction time provides 
a possible explanation for atrial arrhythmias during the 
administration of halothane. 


Key Words: ANESTHETICS, vo_tatmLe—halothane. 
HEART, conpucrIoN—atrioventricular. 


ratio to recover the signals of the HPS (11). By using 
this method we were able to measure the atrial (P-H) 
and His-Purkinje (H-V) conduction times in humans 
during halothane administration in a noninvasive 
manner. 


Patients and Methods 


Twenty-three patients—aged 4-54 yr (mean, 22 yr), 
ASA physical status 1, unpremedicated, and under- 
going a variety of minor elective surgical proce- 
dures—were studied. The study was approved by the 
local human ethics committee, and all patients or 
their parents gave written informed consent. All 
patients were studied before their scheduled surgical 
procedure started. 

After the patients arrived in the operating room 
five self-adhesive silver-silver chloride electrocardio- 
gram (ECG) electrodes (Hewlett-Packard 14389B) 
were applied to the chest, yielding two bipolar leads 
and one unipolar reference lead. The four electrodes 
were positioned in a square, with the sternal xiphoid 
as its center (Figure 1). The electrode spacing was 10 
cm in adult patients and 3.5 cm in children (12). The 
recording system consisted of a battery-powered 





Figure 1. The two-dimensional surface field is recorded by a 
group of four electrodes, positioned in a square with the sternal 
xiphoid as center. 


four-channel preamplifier (gain = 1000), an analog- 
to-digital converter (Data Translation DT5716PGH), 
which converts the amplified signal with a sample 
frequency of 1000 Hz and a 16-bit resolution, and a 
signal processing system, based on an Intel 86/330 
computer system. 

The first HPS recording in each patient was made 
with the patient breathing oxygen for ~4 min. The 
patients were then anesthetized: they breathed 
halothane in oxygen spontaneously via facemask 
until the exhaled concentration of halothane corre- 
sponded with 2.0 MAC (Normac, Datex Inst. Corp.). 
If necessary, ventilation was assisted to maintain 
end-tidal Pco, at ~40 mm Hg. The second HPS 
recording was then made. Blood pressure was mea- 
sured with a cuff around the arm using Korotkoff 
sound before and after the induction of anesthesia. 

Conduction time intervals and heart rates were 
measured with the computer system. The system is 
able to perform A-D conversion, signal acquisition, 
triggering, and averaging in real time. The incoming 
signals and their cumulative average are displayed on 
a color monitor allowing for the immediate evaluation 
of the measurement. Recording time is ~3.5 min. 

To improve the signal-to-noise ratio, signal aver- 
aging was applied. The basis of signal averaging is 
the assumption that the signal of interest has an 
unchanging time relation with a well-defined point in 
the signal—the reference or trigger point. Accurate 
triggering in the averaging procedure is essential for 
the preservation of the high-frequency content of the 
HPS signal (13). During the recordings the time 
interval between the HPS signal and trigger point 
before and after the administration of halothane must 
be sufficiently stable. The time interval between the 
HPS signal and the QRS complex fulfills this require- 
ment. Because the moment of occurrence of the HPS 
signal and the beginning of the QRS complex has a 
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Figure 2. Example of a recording. The lower trace represents the 
normal ECG (lead H) for comparison. Tha upper trace represents the 
highly amplified av ECG record2=d by the four electrodes 
(Figure 1). The optimal direction for the detection of the His bundle 
activity was determined. The number of sweeps was 298. The 
shape of the averaged signal differs significantly from that of the 
normal ECG because of different electrode localization and signal 
processing. This trace shows clearly the onset of the His-step. 


fixed time relation, the QRS complex is used as the 
trigger point. The morphology of the surface His- 
Purkinje signal has been described in previous pub- 
lications (12,14). Surface activity picked up from the 
AV node is very small, probably due to the multidi- 
rectional nature of the activity within the node (15). 
The transition to the unidirectional activity in the 
His bundle causes a steplike phenomenon in the sur- 
face signal (12,14) (Figure 2). This surface signal re- 
mains constant during the passage of the wavefront 
through the bundle of His. Waen the bundle 
branches are activated, both the direction and the 
magnitude of the activity changes, resulting in a 
change of amplitude of the surface signal. To be less 
dependent on directional changes of the activity of 
the heart the total two-dimensional surface field at 
the site of the measurement is registered (12,14). 
The H-V interval is defined as the interval between 
the onset of the HPS activity and the first ventricular 
activity. As we recorded the total two-dimensional 
surface field, we were also able +o determine the 
optimal direction for the detection of HPS activity. 
The shape of the signal thus found differs largely 
from that of the surface ECG (Figure 2). The P-H 
interval is defined as the beginning of the P wave and 
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Figure 3. A conditional coherent averaged ECG, allowing a better 
estimation of the beginning of the P wave. P is the reference point 
of atrial activity, H is the reference point of His-Purkinje activity, 
and V is the reference point of ventricular activity. Each division 
represents 10 ms. 


the onset of the HPS signal. The frequency content of 
the first part of atrial depolarization is low, and it is 
sometimes difficult to estimate the correct beginning 
of the P wave. We used a special averaging technique 
for differentiation of the beginning of the P wave 
from interfering noise and the preceding T wave. 
This so-called conditional coherent averaging tech- 
nique is based on the occurrence of physiologic AV 
node conduction time variations resulting in differ- 
ences in the time intervals between the P wave and 
the QRS complex (13,16). The AV node conduction 
time variations can therefore be measured on a beat- 
by-beat basis by measuring the corresponding P-R 
intervals. The derived distribution of these intervals 
will be a Gaussian distribution with a mean P-R 
interval and a standard deviation. The next step is to 
divide the distribution into two subdistributions. 
Each subdistribution consists of a group of intervals 
longer than the mean interval and a group of inter- 
vals shorter than the mean interval. The subdistribu- 
tions are averaged separately, resulting in two aver- 
aged complexes that show a difference in P-R 
interval. This technique allows for a better estimation 
of the beginning of the P wave (Figure 3). 

All data are reported as mean + sem. The results 
before and after the administration of halothane were 
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Table 1. Anesthetic Effects of Halothane on Atrial (P-H) 
and His-Purkinje (H-V) Conduction Times, and Changes 
in P-Wave Morphology (M) in Humans 





Intervals (ms) 
Awake Halothane (2.0 MAC) 

Patients P-H H-V P-H H-V M 
1 112 32 107 32 Yes 
2 133 33 134 31 Yes 
3 142 31 151 31 Yes 
4 119 33 114 33 No 
5 114 37 104 37 No 
6 117 28 106 32 Yes 
7 112 35 101 35 No 
8 146 28 138 28 No 
9 83 32 93 32 Yes 
10 122 25 108 21 No 
11 140 28 140 28 No 
12 109 33 98 33 No 
13 106 37 105 38 No 
14 101 29 96 30 No 
15 95 46 85 43 Yes 
16 108 38 108 38 No 
17 102 31 98 30 No 
18 114 41 108 41 Yes 


P-H interval awake averaged (sem), 115.3 + 3.9; P-H interval 20 MAC 
halothane (sm), 110.8 + 4.2; H-V interval awake averaged (sEm), 33.2 + 1.2; 
and H-V interval 20 MAC halothane (sem), 32.9 + 1.2. P-wave morphology 
changed in seven patients after the administration of halothane. 


statistically evaluated using Student’s t-test for paired 
data. A probability level of =0.05 was considered 


significant. 


Results 


In 18 of our 23 patients (78%) we were able to detect 
HPS activity and measure P-H and H-V intervals. In 
five patients we were not able to detect HPS activity 
because of excessive noise or P wave overlap. The 
P-H and H-V intervals are summarized in Table 1, 
There was a slight but significant decrease in the P-H 
conduction time from 115.8 + 3.9 before to 110.8 + 
4,2 ms after administration of halothane (P = 0.01). In 
13 of 18 patients the P-H interval decreased during 
halothane anesthesia (Figure 4). In two patients the 
P-H interval remained the same before and after 
administration of halothane, and in three patients the 
P-H interval increased. The H-V intervals did not 
change significantly from 33.2 + 1.2 to 32.9 + 1.2 ms. 
Heart rates decreased significantly from 87.6 + 2.6 to 
74.8 + 2.5 beats/min (P = 0.01). Systolic blood pres- 
sures decreased from 118.9 + 3.7 to 103.6 + 4.2 mm 
Hg (P = 0.01). Diastolic blood pressures decreased 
from 75.8 + 3.6 to 64.7 + 3.1 mm Hg (P = 0.01). Data 
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Figure 4. Example of an ECG recording of patient 12 before and 
after the induction of anesthesia with halothane. H is the reference 
point of His-Purkinje activity; V is the reference point of ventricular 
activity. P, is the reference point of atrial activity in the awake 
patient; P, is the reference point of atrial activity after the admin- 
istration of 2.0 MAC halothane. A significant shortening of 11 ms 
of the P-H interval can be seen. Each division represents 10 ms. 
Heart rate decreased from 72 to 63 beats/min. 


Table 2. Systolic (SBP) and Diastolic (DBP) Arterial Blood 
Pressures and Heart Rate (HR) Before and After 
Induction with 2.0 MAC Halothane” 


SBP DBP HR 
(mm Hg) (mm Hg) (beats/min) 
Awake 118.9 + 3.7 75.8 + 3.6 87.6 + 2.6 
Halothane 103.6 + 4.2 64.7 + 3.1 74.8 + 2.5 


Values are mean + sem. P < 0.01. 


are summarized in Table 2. In seven patients a 
marked difference in P-wave morphology before and 
after the administration of halothane occurred in the 
highly amplified signal, whereas in the other patients 
P-wave morphology did not change. On the normal 
ECG all patients had normal sinus rhythm, and no 
conversion to junctional rhythm was seen. 


Discussion 
Effects of halothane on the specialized conduction 
system have been studied extensively. Most of these 
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experiments were carried out in animals or in single 
cardiac cells (1-3,6,7). To our knowledge there are no 
data on the effects of halothane on the conduction 
system of the heart in humans. Our data on the 
effects of halothane in the intact human, however, 
are difficult to interpret because of the many variables 
involved (e.g., reflexes, different intrinsic heart rates, 
autonomic control). The decrease in heart rate and 
the change in P-H conduction time in our patients 
may in part be explained by the loss of awareness and 
excitement after the induction of anesthesia and may 
not be an effect of halothane alane. On the other 
hand, studies using the human model can help to 
explain some of the clinical effects of halothane. 

Our measurements in humans with noninvasive 
signal averaging techniques during the induction of 
anesthesia with 2.0 MAC halothane did not show a 
significant effect on His-Purk-nje conduction time. 
This observation differs from thos2 reported by oth- 
ers. Atlee et al. (7) observed a 2-ms increase in His- 
Purkinje conduction time during the induction of 
anesthesia with 1.2 MAC halothane in dogs. How- 
ever, our data obtained in humans agree with those 
reported by Morrow et al. (17) and Hart et al. (18), 
who also found no change in H-V conduction time in 
dogs during halothane administraion. 

At first sight, the slight decease in atrial conduc- 
tion time in our study seems to cor-tradict the prolon- 
gation of AV-node conduction time found during 
halothane anesthesia in animels by other investiga- 
tors. Atlee and Kusy (6) have shown that halothane 
prolongs A-V conduction during rapid atrial pacing 
in dogs. In a later study Atlee et al. (7) found that 
halothane prolongs AV node conduction times in 
chronically instrumented dogs. They explained the 
depression of AV-node conduction as an indirect 
rather than a direct effect of halothane. The depres- 
sant effect of halothane on the AV node appeared to 
be mediated largely by removal of sympathetic tone. 
Only a small direct depressant effect of halothane on 
AV node conduction time was apparent in dogs 
automatically blocked with both atropine and pro- 
pranolol. This suggests an indirect effect of halo- 
thane, because the effects of the autonomic nervous 
system on impulse formation and conduction are 
mainly concentrated on the supraventricular part of 
the conduction system (19). 

Our study involved humezns, and no invasive 
measurement methods or artificial cardiac pacing 
techniques were used. In invasive studies sutured 
epicardial electrodes are used, and the A-H interval is 
defined as the period from the beginning of atrial 
activity in the intraaortic electrogram and the begin- 
ning of the His potential, or as the time difference 
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between the onset of the rapid deflection of the low 
atrial potential in the His bundle electrogram and the 
beginning of the His potential (18,20). We defined 
supraventricular conduction time as the difference 
between the beginning of the P wave and the onset of 
His-Purkinje activity in the amplified and averaged 
surface signal. The onset of the P wave in the surface 
electrogram originates from the first atrial excitation 
from any exit site of the sinus node and gives, 
consequently, a better approximation of the true 
onset of atrial activity. Ours is a different experimen- 
tal arrangement compared with measurements made 
by electrodes sutured at a fixed place in the atrial 
epicardium. In seven of our 18 patients we noticed 
significant changes in P-wave morphology in the 
highly amplified signal. Boineau et al. (21) exten- 
sively studied the basis for changes in the configura- 
tion of the P wave in the surface ECG. They observed 
a relation between heart rate and P-wave morphol- 
ogy. Changes in P-wave morphology during sinus 
rhythm were referred to as intranodal pacemaker 
shifts leading to different atrial activation sequences. 
Increasing vagal stimulation led to lower foci of 
excitation near the AV node. It should be realized 
that the P-H interval is not only defined by conduc- 
tion time in the AV node, but also by the intraatrial 
conduction time from the exit site of the sinus node to 
the entrance of the AV node. The decrease in heart 
rate in our study was presumably mediated by a 
relative increase in vagal tone due to halothane (7) 
and may have led to lower intranodal excitation as 
well (21). A resulting shortening of intraatrial conduc- 
tion time may explain the slight decrease in total P-H 
conduction time. Our system is, alas, not yet able to 
give information about AV node conduction time. 
The fact that in two patients P-H intervals remained 
the same and in three patients the P-H intervals 
increased may be due to interindividual differences in 
autonomic tone during the induction of anesthesia. 
The changes in supraventricular conduction dur- 
ing induction with halothane in our study with 
humans are difficult to explain. Possible mechanisms 
for the effects on heart rate and A-V conduction 
include both a direct effect of halothane and indirect 
effect due to a decrease in sympathetic tone. The 
mechanism by which adrenergic and cholinergic in- 
puts regulate heart rate and conduction by their 
action on cardiac cells is complex and not yet ex- 
plained. In addition, the observed phenomena in our 
study depend on additional variables, including dif- 
ferences in basal heart rate and autonomic tone. The 
decrease of atrial conduction time also may have been 
due to a baroreflex-mediated increase in sympathetic 
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tone because of the reduction of blood pressure 
caused by halothane. 

In summary, our findings demonstrate that the 
induction of anesthesia with 2.0 MAC halothane does 
not affect His-Purkinje conduction time in humans. 
Our study showed an unexpected decrease in P-H 
conduction time in combination with decreased heart 
rate. The different P-wave morphology that occurred 
in seven patients after induction with halothane 
indicates an intranodal shift of the dominant pace- 
maker localization. The results of our present study 
and those of other studies are not directly comparable 
because of differences in species and methods. We 
believe, however, that our findings in humans of an 
unchanged H-V conduction time and, in addition, a 
decreased P-H conduction time in combination with 
decreased heart rate may contribute to the knowledge 
of the effects of inhalation anesthetics in clinical 
anesthesia and merit further investigation. 


The authors express their appreciation to Dr. B. van Dijk and Dr. 
N.C. Bakker for encouragement and clinical assistance. Special 
thanks to Professor M.J. Janse of the Department of Experimental 
Cardiology (Universiteit van Amsterdam) and Professor M.A. 
Allessie of the Department of Physiology (Rijks Universiteit Lim- 
burg) for their reviews of the manuscript. 
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Effects of parenteral amino acid nutritional regimens on 
oxidative and conjugative drug metabolism. Anesth Analg 
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Our goals were to determine the time-course of the increase 
in oxidative drug metabolism that occurs when parenteral 
nutrition is changed from dextrose to amino acids (23% 
branched-chain), whether the composition of the amino acid 
regimen influences this effect, and whether drug conjuga- 
tion is similarly altered. We examined in healthy volunteers 
the effects of changing isocalorically from intravenous dex- 
trose 440 kcal/day to amino acids, on one occasion 23% 
branched-chain and on another 85%. The change to the 
23% regimen produced a significant increase in metabolic 


The composition of the diet can markedly affect 
oxidative drug metabolizing capacity in humans. An- 
tipyrine, theophylline, propranolol, and estradiol are 
metabolized more rapidly by healthy adults when 
they eat a high-protein, low-carbohydrate diet than 
when they eat an isocaloric low-protein, high- 
carbohydrate diet (1-6). The same is true of theophyl- 
line in asthmatic children (7). 

The use of total parenteral nutrition has become 
common in the management of seriously ill patients. 
Such individuals are likely to be receiving multiple 
drugs. A previous study from our laboratory showed 
that when healthy volunteers receiving a typical 
hospital semi-starvation regimen of 5% dextrose ad- 
ministered intravenously that provided 440 kcal/day 
were switched isocalorically to an intravenous infu- 
sion of amino acids for just 1 day, there was an 
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clearance of antipyrine, a model for oxidation (mean + sE 
3.0 + 0.3 to 3.7 + 0.4 L/h, N = 6, P < 0.003), but the 
change to the 85% regimen did not, indicating that the 
composition of an amino acid infusion can influence its 
effect on oxidative metabolism. Analysis of the concentra- 
tion-time curve for antipyrine after simultaneous dosing 
and start of the 23% regimen suggests that the increase in 
metabolic capacity occurred within a few hours. Metabolic 
clearance of acetaminophen, a model for conjugation, was 
not altered by changing to either amino acid regimen. 


Key Words: PROTEIN, AMINO ACID PARENTERAL 
NUTRITION. METABOLISM, NUTRITION—amino 
acids. BOTRANSFORMATION (DRUG)}—amino 
acid parenteral nutrition. 


increase in the rate at which they metabolized antipy- 
rine (8). An increase in metabolism of the magnitude 
of the increase in antipyrine metabolism that oc- 
curred in some of these individuals would be ex- 
pected to alter significantly the efficacy or toxicity of 
many therapeutic agents. A recent case report de- 
scribed a decrease from a therapeutically adequate, 
stable plasma concentration of theophylline to a con- 
centration well below the lower end of the therapeu- 
tic range after an increase in the level of parenteral 
amino acid administration without any other change 
in therapy (9). 

The mechanisms by which protein and carbohy- 
drate affect oxidative drug metabolism in humans 
have not been established. It is possible that the 
effects of protein or intravenous amino acids on 
oxidative drug metabolism are due to particular 
amino acids. As a result of studies suggesting that 
parenteral nutritional solutions of amino acids with a 
high content of branched-chain amino acids (leucine, 
isoleucine, valine) are more effective than conven- 
tional amino acid solutions in restoring body cell 
mass in severely stressed patients (10,11), branched- 
chain enriched amino acid solutions have been re- 
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cently introduced into clinical practice. Because 
branched-chain enriched amino acid solutions differ 
substantially from conventional solutions in their 
amino acid composition, they may also differ in their 
effects on oxidative drug metabolism. 

Conjugation, like oxidation, is a major route of 
drug metabolism and plays an important role in the 
inactivation and elimination of many drugs. It is not 
known whether alterations in the protein or carbohy- 
drate content of the human diet influence drug me- 
tabolism by conjugation. 

The purpose of the present study was threefold: 1) 
to determine whether the effect on antipyrine metab- 
olism of changing the composition of an intravenous 
infusion from dextrose to amino acids would be 
influenced by the branched-chain amino acid content 
of the amino acid regimen; 2) to determine the 
approximate time of onset, and, within the length of 
the study, the duration of progression of alterations 
in rate of elimination of antipyrine from plasma 
resulting from changing from dextrose to conven- 
tional or branched-chain enriched amino acid regi- 
mens; and 3) to determine whether these changes in 
intravenous caloric source alter conjugation of acet- 
aminophen. We selected antipyrine and acetamin- 
ophen for study because they have been extensively 
used as model substrates to assess oxidative and 
conjugative drug metabolizing capacity, respectively 
(12-15). 


Methods 


Our subjects were eight healthy, male, young adult 
volunteers. No subject was a heavy drinker of alco- 
hol, coffee, or tea or used any drug regularly. The 
study was approved by the Institutional Review 
Board of Columbia University and written informed 
consent was obtained from the subjects. 

The subjects were admitted to the Surgical Metab- 
olism Unit of the Columbia-Presbyterian Medical 
Center. They were permitted nothing by mouth ex- 
cept for water as desired, and an intravenous infu- 
sion of 5% dextrose in normal saline solution 440 
kcal/day was begun. Twenty-four hours later, antipy- 
rine 6 mg/kg body weight was administered orally 
with 200 mL of water. Samples of saliva for determi- 
nation of antipyrine content were collected before the 
dose and every 30 min for the next 8 h, every hour for 
the next 16 h, and then every 2 h for the next 24 h. 
Salivary antipyrine concentrations correspond closely 
to serum concentrations (16). Nineteen hours after 
the dose of antipyrine, acetaminophen 1625 mg was 
administered orally with 200 mL of water. Blood 
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samples for determination of plasma concentration of 
acetaminophen and its glucuronide and sulfate con- 
jugates were obtained before and at 0.5, 1, 2, 3, 4, 5, 
7, 9, 11, and 24 h after the dose. Urine for determi- 
nation of acetaminophen metabolite content was col- 
lected for 24 h after the dose. Forty-eight hours after 
the dose of antipyrine, the intravenous infusion was 
changed isocalorically from dextrose to an amino acid 
solution and at the same time a second dose of 
antipyrine was given, followed 19 h later by a second 
dose of acetaminophen. Saliva, blood, and urine 
were collected as described previously. The subjects, 
except for two who did not return, were studied 
twice. On one occasion (order determined ran- 
domly), the amino acid solution was branched-chain 
enriched (85% content of branched-chain amino ac- 
ids) and on the other was conventional (23% content 
of branched-chain amino acids). The interval between 
the two studies was at least 1 wk. The conventional 
amino acid solution was Aminosyn 3.5% (Abbott 
Laboratories, North Chicago, Ill.) and the branched- 
chain enriched solution was prepared by combining 
4% Branchamin (Travenol Laboratories, Deerfield, 
Ill.) with Aminosyn 3.5%. 

The saliva samples were analyzed for antipyrine 
content by the radioimmunoassay method of Chang 
et al. (17). Plasma concentrations of acetaminophen 
and its glucuronide and sulfate conjugates were de- 
termined with use of the high-pressure liquid chro- 
matography method of Adriaenssens and Prescott 
(18). Urine was analyzed for content of the glucuro- 
nide, sulfate, cysteine, mercapturic acid, and 3- 
methoxysulfate conjugates of acetaminophen by a 
modification of the high-pressure liquid chromatog- 
raphy method of Howie et al. (19) described previ- 
ously (20). Concentration of antipyrine-time data 
were fitted to a biexponential model with use of the 
nonlinear least-squares regression curve-fitting com- 
puter program NONLIN§84 (Statistical Consultants, 
Inc., Lexington, Ky.) (21) and run analysis was per- 
formed to determine statistically whether the ob- 
served data points deviated systematically from the 
calculated best fit lines (22). Drug elimination rate 
constant (k) and half-life (t) were estimated from the 
terminal portion of the log concentration of drug-time 
curve by least-squares linear regression analysis. 
Area under the curve (AUC) was calculated by the 
linear trapezoidal method until the last measured 
concentration and then extrapolated to infinity by 
using the ratio to k of the value for this data point 
estimated from the calculated best fit line. Metabolic 
clearance rate (MCR) was calculated by dividing dose 
of drug by AUC. Apparent volume of distribution 
(aVd) was determined by dividing MCR by k. These 
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DEXTROSE 85% BCAA DEXTROSE 23% BCAA 


calculations were done with use of the computer 
program PKCALC (23). Results were analyzed statis- 
tically by Student’s f-test for paired data. Differences 
in mean value were considered statistically significant 
if P values were <0.05. 


Results 


Nonlinear regression analysis demonstrated excellent 
conformity of the log concentration of antipyrine- 
time curves to a biexponential model under all dietary 
conditions (mean + sE of correlation coefficient: dex- 
trose, n = 8, 0.975 + 0.018; 85% branched-chain 
amino acids, n = 8, 0.988 + 0.007; dextrose, n = 6, 
0.992 + 0.005; 23% branched-chain amino acids, n = 
6, 0.991 + 0.002). Run analysis of the elimination 
phase (3-48 h) of the curves was carried out to 
determine whether the data points deviated system- 
atically from the calculated best fit lines. In only four 
instances were there deviations of data points from 
the best fit lines that were nonrandom. In one the 
data were obtained when a subject was receiving the 
dextrose infusion, in another the 23% branched-chain 


‘amino acid regimen, and in two the 85% branched- 


chain amino acid solution. Switching from dextrose 
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APPARENT VOLUME OF DISTRIBUTION 
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Kinetic values for antipyrine during nutritional regi 
mens. Subjects were given antipyrine 6 mg/kg orally during each 
intravenous regimen. Values for individual subjects and mean 
values + s£ are shown. Subjects who did not participate in both 
studies are indicated by closed circles. 


Figure 1. 


to the conventional amino acid regimen resulted in a 
decrease in mean ty, for antipyrine (P < 0.003), a 
decrease in mean AUC (P < 0.002), an increase in 
mean MCR (P < 0.003), and no significant change in 
mean aVd (Figure 1). Though there was marked 
individual variability in the magnitude of the re- 
sponse to the change in nutritional regimen, a de- 
crease in ty, a decrease in AUC, and an increase in 
MCR for antipyrine occurred in all subjects (Figure 1). 
Switching from dextrose to the branched-chain en- 
riched amino acid regimen decreased mean ty for 
antipyrine (P < 0.001) but did not significantly alter 
mean AUC, MCR, or aVd (Figure 1). 

Switching from dextrose to the conventional 
amino acid infusion produced no significant altera- 
tion in ty, AUC, MCR, or aVd of acetaminophen 
(Table 1). Substituting the branched-chain enriched 
amino acid regimen for dextrose resulted in a de- 
crease in ty of acetaminophen (P < 0.05) accompa- 
nied by a decrease in aVd (P < 0.05) with no signif- 
icant alteration in AUC or MCR (Table 1). No 


ANESTH ANALG PANTUCK ET AL. 
1989;69:727—31 


Table 1. Kinetic Values for Acetaminophen and Major Metabolites during Parenteral Nutritional Regimens 


Nutritional regimen 
Amino acid Amino acid 
_ Compound Dextrose (23% BCAA) Dextrose (85% BCAA) 
Acetaminophen 
tye (h) 3.2 + 0.2 3.0 + 0.2 3.1+0.1 2.9 + 0.1" 
AUC (ug-h-mL~') 85.5 + 9.9 86.8 + 9.4 89.4 + 8.1 93.7 5.3 
MCR (L/h) 20.5 + 2.6 20.1 + 2.6 19.1 + 1.5 17.8 + 1.1 
aVd (L) 92.1 + 7.2 84.4 +t 8.7 83.0 + 6.0 73.3 + 3.4" 
Acetaminophen glucuronide 
AUC (ugh mL’) 154.4 + 14.8 151.2 + 10.6 150.9 + 13.9 136.9 + 10.7 
Acetaminophen sulfate 
AUC (ug-h-mL7?) 51.6 + 5.8 58.9 + 10.3 54.3 + 6.6 54.9 + 7.8 
“Significantly different from 


significant changes in AUC of acetaminophen gluc- 
uronide or acetaminophen sulfate resulted from the 
change to either amino acid regimen (Table 1). Urine 
collection was incomplete for one subject during both 
the study in which he received the branched-chain 
enriched amino acid solution and the study in which 
he received the conventional amino acid solution, 
and for another subject during the study in which he 
received the conventional amino acid solution. No 
significant alterations in amounts of acetaminophen 
metabolites excreted in urine occurred after the 
change to either amino acid regimen (data not 
shown). 


Discussion 

While confirming our previous work (8), which 
showed that in healthy volunteers changing the ca- 
loric source of intravenous nutrition from dextrose to 
a conventional amino acid solution produced an 
increase in the oxidative metabolism of antipyrine, 
the results of the present study also show that the 
increase in oxidative metabolism of antipyrine does 
not occur when the amino acid solution has a sub- 
stantially higher branched-chain and substantially 
lower non-branched-chain amino acid content. In 
prior studies (1-8,24,25) of the effects of dietary 
nutrients on oxidative drug metabolizing capacity in 
humans, alterations in protein intake have been ac- 
companied by changes either in intake of carbohy- 
drate, fat, or total calories. Our data that show that 
the branched-chain amino acid content of a nutri- 
tional regimen composed solely of amino acids influ- 
ences the effect of the regimen on antipyrine metab- 
olism provide, for the first time, direct evidence that 
constituents of protein can by themselves enhance 
human oxidative drug metabolizing capacity. 


dextrose regimen, P < 0.05. Subjects were given acetaminophen 1625 mg orally durirg each intravenous nutritional 
regimen. Values are mean + sg for six subjects (conventional amino acid study) or eight subjects ed-chain enriched 
under curve; aVd = apparent volume of distribution; BCAA = branched-chain amino acids; 


amino acid study). AUC = area 
MCR = metabolic clearance rate; ty ™ half-life. 


The slope of the elimination phase (3-48 h) of the 
log concentration-time curve for antipyrine was 
greater in all subjects during the 23% branched-chain 
amino acid regimen than during the preceding dex- 
trose regimen, whereas the monoexponential charac- 
ter of the elimination phase appeared to be un- 
changed. If the increase in rate of elimination of 
antipyrine took place between 3 and 48 h after the 
dose and simultaneous start of the 23% branched- 
chain amino acid regimen, then the elimination 
curves would not have been monsexponential over 
this interval and the data points at one or both ends 
of the elimination curves would have lain below 
the calculated best fit lines. Run analysis of the log 
concentration-time curves for antipyrine was per- 
formed to determine whether over the 3-48 h interval 
data points deviated systematically from the calcu- 
lated best fit lines. There was only a single instance in 
which this occurred for data obtained from a subject 
who was receiving the 23% branched-chain amino 
acid infusion. These results suggest that the effects of 
amino acids on antipyrine metabolism occurred soon 
after the initiation of the infusion. “he mechanism by 
which the substitution of protein for carbohydrate in 
the human diet enhances oxidative drug metaboliz- 
ing capacity is not known. It has been suggested that 
it stimulates the synthesis of specific proteins such as 
cytochromes P450 that are involved in oxidative drug 
metabolism (1,2,4,5,26). Such synthesis would be 
expected to occur gradually over a substantial num- 
ber of hours (27). Our resulfs raise doubts about 
whether enhanced protein synthesis could be the 
underlying mechanism. 

Finally, our data show that in healthy individuals 
an isocaloric change in intravenous nutritional regi- 
men from dextrose, 440 kcal/day, to either a conven- 
tional or a branched-chain amino acid enriched amino 
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acid solution for 1 day does not alter the conjugation 
of acetaminophen. We do not know whether a 
greater caloric intake of amino acids or a longer 
period of administration would produce a change in 
drug conjugation capacity. 

In this study, the amino acid nutritional regimen 
always followed the dextrose nutritional regimen. We 
do not know whether reversing the order of the 
regimens would in any way alter the results. 

Further work is needed to delineate the effects of 
parenterally administered nutrients on drug metabo- 
lism and the mechanisms by which these effects are 
produced. Clinicians need to be aware that modifying 
parenteral nutritional regimens has the potential for 
altering the effects of ongoing drug therapy. 





We thank Mary Iles and Yvonne Schwartz for assistance in 
performing the studies, Dr. Bradley Jensen for assistance in the 
analysis of pharmacokinetic data, Dr. Robert Shumaker for provid- 
ing us with a copy of PKCALC, and Dorothy Wong for assistance 
in the preparation of the manuscript. 





References 


1. Alvares AP, Anderson KE, Conney AH, Kappas A. Interac- 
tions between nutritional factors and drug biotransformations 
in man. Proc Natl Acad Sci USA 1976;73:2501-4. 


2. Kappas A, Anderson KE, Conney AH, Alvares AP. Influence 
of dietary protein and carbohydrate on antipyrine and theo- 
phylline metabolism in man. Clin Pharmacol Ther 1976; 
20:643-53. 


3. Kappas A, Anderson KE, Conney AH, Pantuck EJ, Fishman J, 
Bradlow HL. Nutrition-endocrine interactions: induction of 
reciprocal changes in the A*-5a-reduction of testosterone and 
the cytochrome P-450-dependent oxidation of estradiol by 
dietary macronutrients in man. Proc Natl Acad Sci USA 
1983;80:7646-9. 


4. Anderson KE, Kappas A, Conney AH, Bradlow HL, Fishman 
J. The influence of dietary protein and carbohydrate on the 
principal oxidative biotransformations of estradiol in normal 
subjects. J Clin Endocrinol Metab 1984;59:103-7. 


5. Juan D, Worwag EM, Schoeller DA, Kotake AN, Hughes RL, 
Frederiksen MC. Effects of dietary protein on theophylline 
pharmacokinetics and caffeine and aminopyrine breath tests. 
Clin Pharmacol Ther 1986;40:187-94. 

6. Fagan TC, Walle T, Oexmann MJ, Walle UK, Bai SA, Gaffney 
TE. Increased clearance of propranolol and theophylline by 
high-protein compared with high-carbohydrate diet. Clin 
Pharmacol Ther 1987;41:402-6. 

7. Feldman CH, Hutchinson VE, Pippenger CE, Blumenfeld TA, 
Feldman BR, Davis WJ. Effect of dietary protein and carbohy- 
drate on theophylline metabolism in children. Pediatrics 1980; 
66:956-62. 


8. Pantuck EJ, Pantuck CB, Weissman C, Askanazi J, Conney 
AH. Effects of parenteral nutritional regimens on oxidative 
drug metabolism. Anesthesiology 1984;60:534-6. 


10. 


11. 


i 


14. 


19. 


16. 


[7; 


18. 


12. 


20. 


25. 


27. 


ANESTH ANALG 731 
1989;69:727-31 


Ziegenbein RC. Theophylline clearance increase from in- 
creased amino acid in a CPN regimen. Drug Intell Clin Pharm 
1987;21:220-1. 


Cerra FB, Mazuski JE, Chute E, et al. Branched chain metabolic 
support. A prospective, randomized, double-blind trial in 
surgical stress. Ann Surg 1984;199:286-91. 


Echenique MM, Bistrian BR, Moldawer LL, Palombo JD, Miller 
MM, Blackburn GL. Improvement in amino acid use in the 
critically ill patient with parenteral formulas enriched with 
branched chain amino acids. Surg Gynecol Obstet 1984; 
159:233-41. 


_ Vesell ES. The antipyrine test in clinical pharmacology: con- 


ceptions and misconceptions. Clin Pharmacol Ther 1979; 
26:275-86. 


Brodie MJ, Boobis AR, Toverud E-L, et al. Drug metabolism in 
white vegetarians. Br J Clin Pharmacol 1980;9:523-5. 


Greenblatt DJ, Abernethy DR, Divoll M, Ochs HR, Shader RI. 
Antipyretic analgesic drugs as models for studies of drug 
disposition in old age. Am J Med 1983;75:127-32. 


Bock KW, Wiltfang J, Blume R, Ullrich D, Bircher J. Paraceta- 
mol as a test drug to determine glucuronide formation in man. 
Effects of inducers and of smoking. Eur J Clin Pharmacol 
1987;31:677-83. 


Chang RL, Wood AW, Dixon WR, et al. Antipyrine: radioim- 
munoassay in plasma and saliva following administration of a 
high dose and a low dose. Clin Pharmacol Ther 1976;20:219-26. 


Chang RL, Wood AW, Dixon WR. '*°I-Radioimmunoassay for 
antipyrine. Life Sci 1978;22:855-8. 


Adriaenssens PI, Prescott LF. High performance liquid chro- 
matographic estimation of paracetamol metabolites in plasma. 
Br J Clin Pharmacol 1978;6:87-8. 


Howie D, Adriaenssens PI, Prescott LF. Paracetamol metabo- 
lism following overdosage: application of high performance 
liquid chromatography. J Pharm Pharmacol 1977;29:235-7. 


Anderson KE, Schneider J, Pantuck EJ, et al. Acetaminophen 
metabolism in subjects fed charcoal-broiled beef. Clin Pharma- 
col Ther 1983;34:369-74. 


. Metzler CM, Weiner DL. NONLIN84 User's Guide. Lexington, 


Ky.: Statistical Consultants, 1984:V.15. 


. Weinberg GH, Schumaker JA. Statistics: an intuitive approach. 


3rd ed. Monterey, Calif.: Brooks/Cole, 1974:312-5. 


. Shumaker RC. PKCALC: a BASIC interactive computer pro- 


gram for statistical and pharmacokinetic analysis of data. Drug 
Metab Rev 1986;17:331-48. 


. Krishnaswamy K, Kalamegham R, Naidu NA. Dietary influ- 


ences on the kinetics of antipyrine and aminopyrine in human 
subjects. Br J Clin Pharmacol 1984;17:139-46. 


Anderson KE, Conney AH, Kappas A. Nutrition and oxidative 
drug metabolism in man: relative influence of dietary lipids, 
carbohydrate and protein. Clin Pharmacol Ther 1979;26:493- 
out. 


Anderson KE. Influences of diet and nutrition on clinical 
pharmacokinetics. Clin Pharmacokinet 1988;14:325—46. 


Parkinson A, Thomas PE, Ryan DE, Levin W. The in vivo 
turnover of rat liver microsomal epoxide hydrolase and both 
the apoprotein and heme moieties of specific cytochrome P-450 
isozymes. Arch Biochem Biophys 1983;225:216-36. 


732 ANESTH ANALG 
1989;69:732-5 


In Vitro Study on Mechanisms of Bupivacaine-Induced Depression 


of Myocardial Contractility 


Jean J. Eledjam, mp, Jean E. de La Coussaye, Mp, Josep Brugada, mp, 
Bruno Bassoul, mp, Jean P. Gagnol, MD, Dsc, Juan R. Fabregat, mp, Christian Massé, psc, 


and Antoine Sassine, MD 


ELEDJAM JJ, DE LA COUSSAYE JE, BRUGADA J, 
BASSOUL B, GAGNOL JP, FABREGAT JR, MASSE C, 
SASSINE A. In vitro study on mechanisms of 
bupivacaine-induced depression of myocardial 
contractility. Anesth Analg 1989;69:732-5. 

4 


Although several mechanisms have been proposed to explain 
bupivacaine cardiotoxicity, the predominant effect remains 
to be determined. In this study, we used an isolated rabbit 
right atrial model that reproduces the effects on inotropic 
and chronotropic functions induced by 0.5 ug/mL bupiv- 
acaine; then we tried to counteract these events by electrical 


The local anesthetic agent bupivacaine is known not 
only for its potent and long acting action but also for 
its cardiodepressive effect (1-5). The biophysical 
properties of the molecule, namely, its high lipid 
solubility and protein binding, can partly explain this 
potency and toxicity. These properties are essential 
features of the pharmacological profile of the drug 
not only in terms of its bioavailability but also in 
terms of its mechanism of action (6). 

Many in vitro investigations have been performed 
with bupivacaine, and it is now established that the 
anesthetic interacts with the fast inward current (3), 
calcium translocation (5,7), and energy metabolism 
(6,8). The relative importance of each of these effects 
in bupivacaine cardiotoxicity has not been estab- 
lished. 

The aim of the present study was to evaluate each 
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stimulation or by addition of CaCl, or adenosine triphos- 
phate (ATP) to the bathing solution. Contractile force was 
dramatically depressed by bupivacaine alone (—68%), even 
when the preparation was paced (—5S%). CaCl, partially 
counteracted this decrease (—37%). Inotropic function was 
almost completely restored (—9%) when ATP was added 
before administration of bupivacaine. Inhibition of energy 
metabolism seems to be a major explanation for bupivacaine 
cardiotoxicity. 


Key Words: ANESTHETICS, Locat—bupivacaine. 
HEART, MyocarpIum—contractility. 
TOXICITY—bupivacaine. 


of these effects on the isolated rabbit right atria and to 
determine which factor had the most deleterious 
effect on bupivacaine-induced cardiac depression. 
For this purpose, the preparation was incubated with 
a bupivacaine solution at a concentration previously 
determined in our Jaboratory to alter contractility. 
The influence of electrical stimulation and the addi- 
tion of calcium and adenosine trphosphate (ATP), 
tested individually, were then evaluated on heart rate 
and contractile force. 


Materials and Methods 


To avoid any residual effects of the anesthetic on 
atrial performance, the rabbits were stunned and 
then killed by bleeding. The right atrium was excised 
and bathed, to maintain spontaneous activity, in 200 
mL of modified Tyrode’s solution composed of NaCl, 
145 mM; KCI, 5.6 mM; CaCl, 2.5 mM; glucose, 10.0 
mM; and tris(hydroxymethyl)aminomethane, 2.0 
mM. The solution was adjusted to pH 7.45, saturated 
with oxygen, and maintained at 22°C. 

Contractile force was measured with use of a 
microdynamometer fitted wich an isometric strain 


~~ 


ATP BLOCKS BUPIVACAINE CARDIODEPRESSION 


Table 1. Stability of Control Preparation Expressed as Percent of Variation from Zero Time 


Control group 
{n = 8) 5 min 10 min 
Spontaneous % decrease 0.5 0.9 
rate SEM 0.5 0.6 
Contractile % decrease 0.1 0 
force SEM 0.1 0 


gauge (Ugo Basile, MDI 5) and recorded on an 
oscilloscope (Tektronix, 502 Dual Beam). 

The overall study included five experimental 
groups. Group 1 (n = 8) served to evaluate the 
stability of the preparation. After a 3-h period to 
allow the atrial response to become stable, control 
measurements of spontaneous rate and contractile 
force were made during the next hour, without any 
addition of drug. In group 2 (n = 6), after stabilization 
of the preparation, 0.5 ug/mL of bupivacaine (1.5 x 
10~° M) was added to the Tyrode’s solution. In group 
3 (n = 6), administration of bupivacaine (0.5 ug/mL) 
was followed by electrical pacing at a rate 20% faster 
than the spontaneous atrial rate so as to suppress the 
frequency-related contractile response. Spikes of 3 ms 
two times greater in intensity than the diastolic 
threshold were delivered by a Hugo Sack Electronik 
Braun Stimulator. In group 4 (n = 6), preparations 
were incubated in the presence of 7.5 mM CaCl, for 2 
h before addition of 0.5 ng/mL bupivacaine. In group 
5 (n = 6), preparations were incubated in the pres- 
ence of 0.2 mM ATP 30 min before administration of 
bupivacaine. 

In groups 2-6, contractile force and atrial rate were 
measured immediately before and 5, 10, 15, 20, and 
30 min after addition of 1.5 x 1076 M bupivacaine at 
time Zero. 

Each individual measurement was expressed as 
percent of change with respect to the value at time 
zero. The significance of the differences between 
groups was determined by analysis of variance 
(ANOVA) and Student's t-test for unpaired data. A P 
< 0.05 was considered statistically significant. 


Results 


Stability of the preparation was assessed in a series of 
eight control experiments (group 1). As shown in 
Table 1, the frequency of contraction and the inotrop- 
ic response remained unchanged for a period of 1h 
after the 3-h stabilization period. Having established 
that our preparation was stable, we proceeded to 
evaluate the mechanisms involved in bupivacaine- 
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Figure 1. Decreases in contractile force, expressed as percent of 
contractile force in control preparations (+SEM). V = bupivacaine 
alone (group 2); O = bupivacaine followed by electrical pacing 
(group 3); E = bupivacaine added to CaCl,~enriched preparations 
(group 4); @ = bupivacaine added to preparations pretreated with 
ATP (group 5). 


induced cardiotoxicity. The results are presented in 
Figures 1 and 2. 

Bupivacaine at 1.5 x 107° M (group 2) significantly 
depressed the contractile response (68.3 + 7.0% [SEM] 
at 30 min) as well as the spontaneous rate of contrac- 
tion (11.3 + 2.4% at 30 min). The differences between 
control group and group 2 were always significant 
(0.01 < P < 0.001), and there was a progressive decay 
of myocardial contractile force throughout the exper- 
imental period. Maximal decrease in rate was reached 
within 20 min after administration of bupivacaine. 

Electrical pacing in group 3 did not counteract the 
negative inotropic response caused by bupivacaine. 
There was no significant difference in contractile force 
between group 3 and group 2 (respectively 59.3 + 
3.0% versus 68.3 + 7.0%). 

In preparations exposed to both bupivacaine and 
CaCl, (group 4), changes in contractile response were 
significant at each time period compared with those 
of the control group (0.01 < P < 0.001). The negative 
inotropic response, however, was weaker than those 
recorded on stimulated and nonstimulated prepara- 
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Figure 2. Decrease in spontaneous heart rates expressed as per- 
cent of spontaneous heart rate in control preparations (+SEM). 
A = bupivacaine (group 2); M = bupivacaine added to CaCl,- 
enriched preparations (group 4); @ = bupivacaine added to prep- 
arations pretreated with ATP (group 5). 


tions with bupivacaine alone: 37.2 + 3.9% versus 68.3 
+ 7.0% (group 2, P < 0.01) or versus 59.3 + 3.0% 
(group 3, P < 0.01). Changes in spontaneous rate 
were similar in groups 4 (11.8 + 1.5%) and 2 (11.3 + 
2.4%). 

Addition of ATP, 30 min before addition of bupi- 
vacaine (group 5), counteracted the decrease in the 
spontaneous rate induced by bupivacaine; differences 
between the control group and group 5 were not 
significant. In the presence of ATP, there was less 
decrease in contractile response even though this 
depression was statistically significant compared 
with that of the control group (0.05 < P < 0.01). 
Furthermore, differences in contractility and atrial 
rate in group 5 compared with groups 2, 3, and 4 
were highly significant. 


Discussion 


Bupivacaine at 0.5 ug/mL markedly depressed car- 
diac function: mechanical performance of the myo- 
cardium was decreased by 68% and spontaneous 
atrial rate by 11% as compared with control values. 
These results agree with the literature (3,5,9-13) even 
though the negative inotropic effect was more pro- 
nounced in our study. Differences in animal species, 
nutritive solutions, and calcium concentrations might 
explain these discrepancies. 

Because changes in spontaneous rate are often 
indicative of cardiac depression, a series of stimulated 
preparations was studied. Under these conditions, 
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contractile response was similar to that observed in 
the spontaneously beating atria. Our results are in 
accordance with those of Clarkson and Hondeghem 
(3,13) and showed that cardiac depression induced by 
bupivacaine is not frequency-related. The fact that 
bupivacaine inhibits the fast (3,13) and the slow 
inward currents (7) may explain its inhibition of sinus 
activity (14) and alterations in sinoatrial (4,15), atrial 
(1,4,15), atrioventricular (1,4,15,16), and ventricular 
(1,16,17) conduction. 

Coyle and Sperelakis (7) demonstrated that bupi- 
vacaine inhibits the slow inward current. This block- 
ade could depress calcium-induced calcium release 
from the sarcoplasmic reticulum (18). In CaCl,- 
enriched preparations, contractility was partially re- 
stored; these results are consistent with those of the 
previous hypothesis or might be the consequence of a 
direct inhibitory effect of bupivacaine on sarcoplasmic 
reticulum as suggested by Lynch (5). However, Tanz 
et al. (12) failed to reverse the negative inotropic effect 
of the drug when bupivacaine-treated preparations 
were exposed to increasing concentrations of cal- 
cium. These conflicting results might be explained by 
the fact that the preparation studied by Tanz et al. 
(12) was not preincubated with the calcium-enriched 
solution. 

Local anesthetics can inhibit energy metabolism in 
several ways: blockade of the respiratory chain (19), 
inhibition of ATPase (20-23), uncoupling of oxidative 
phosphorylations (6,24), or inhibition of ATP/ADP 
(adenosine diphosphate) translocation (25,26). Fi- 
nally, local anesthetics can inhibit Ca-ATPase (27,28). 
With use of an ATP-enriched solution, both negative 
inotropic and chronotropic responses to bupivacaine 
were inhibited: contractile force was only slightly 
altered compared with that of the control, and spon- 
taneous rate remained unchanged. This powerful 
cardioprotection with ATP, when compared with that 
obtained with a calcium-enriched solution, suggests 
that modification of energy metabolism is a major 
mechanism of cardiac depression produced by bupiv- 
acaine. 

In conclusion, the mechanisms of bupivacaine car- 
diotoxicity, were analyzed in an in vitro model. The 
results underscored the importance of ATP in pre- 
venting the cardiodepressive effect of the drug and 
Showed that interaction between bupivacaine and 
energy metabolism must be taken into account in 
explaining the cardiotoxicity of this local anesthetic. 
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Disposition Kinetics of Ropivacaine in Humans 
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M. Halldin, php, and D. B. Scott, FRCPE, FFARCS 


LEE A, FAGAN D, LAMONT M, TUCKER GT, 
HALLDIN M, SCOTT DB. Disposition kinetics of 
ropivacaine in humans. Anesth Analg 1989;69:736-8. 


The pharmacokinetic characteristics of a new local anes- 
thetic drug, ropivacaine, were determined after intravenous 
infusion of 50 mg of the hydrochloride salt into six healthy 
male volunteers. Results showed that the disposition of 
roptoacaine can be described by a biexponential function. Its 


Ropivacaine (5-(-)-1-propyl-2',6'-pipecoloxylidide hy- 
drochloride monohydrate), an amide-type local anes- 
thetic, is the N-propyl homologue of bupivacaine and 
mepivacaine (Figure 1). It is used in water-soluble 
form as the hydrochloride monohydrate salt. In con- 
trast to bupivacaine and mepivacaine, which are used 
as racemates, ropivacaine has been developed as the 
levoisomer. Animal experiments have shown ropiv- 
acaine to be less toxic than bupivacaine after intrave- 
nous (IV) administration (1). In particular, the ratio 
between lethal and convulsive doses is higher with 
ropivacaine than it is with bupivacaine, and ropiv- 
acdine is less potent than bupivacaine at inducing 
cardiac arrhythmias (Astra Pharmaceuticals AB, 
Södertälje, Sweden; personal communication). As a 
prelude to comparing the toxicity of ropivacaine and 
bupivacaine in humans, a low-dose pharmacokinetic 
study was carried out to elucidate its disposition 
kinetics. 


Methods 


Six healthy male volunteers, aged 19-34 yr, took part 
in the study, which was approved by the local ethics 
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blood clearance (0.72 + 0.16 Limin) is intermediate be- 
tween that of mepivacaine and bupivacaine. Plasma bind- 
ing averaged 94% + 1% and the volume of distribution 
at steady state based on blood drug concentration was 
59 + 7 L. The terminal elimination half-life was 111 + 62 
min. 


Key Words: ANESTHETICS, Locat—ropivacaine. 
PHARMACOKINETICS—ropivacaine. 


committee. Written informed consent was obtained. 
The height of the subjects ranged from 172 to 187 cm 
and their weights were between 65 and 87 kg. All 
subjects were in the normal weight range for their 
height. Alcohol, caffeine-containing drinks, and cig- 
arettes were not allowed during the study or for 24 h 
before it began. 

A control blood sample and an initial 12-lead 
electrocardiogram were obtained before 50 mg (10 
mJ.) of ropivacaine hydrochloride monohydrate as a 
0.5% wt/vol solution was infused intravenously at a 
constant rate, using a Harvard infusion pump, over 
15 min (0.67 mL/min). Venous blood (10 mL) was 
withdrawn from the opposite arm 5, 10, 15, 16, 20, 25, 
30, 35, 40, 50, 60, 90, and 120 min and 4, 6, 12, 24, and 
25 h after the start of the infusion. The plasma was 
separated immediately by centrifugation and stored 
in glass tubes at —20°C until assay. Additional 5-mL 
blood samples were taken at 16 and 30 min to 
measure the whole-blood drug concentrations and 
the extent of plasma protein binding. Heart rate, 
blood pressure, and 12-lead electrozardiograms were 
recorded at 5-min intervals for 30 min. In addition, 
the subjects were monitored continuously using a 
Roche 125 electrocardiograph. Symptoms or signs of 
toxicity were recorded. 

Plasma and whole blood concentrations of ropiv- 
acaine were measured by a gas chromatographic 
method using a nitrogen-sensitive detector with a 
precision of 8% at 1 wg/mL. The minimum assayable 
concentration was 10 ng/mL. Plasma protein binding 
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Figure 1. Chemical structure of ropivacaine compared with me- 
pivacaine and bupivacaine. An asterisk denotes an asymmetric 
carbon atom. Ropivacaine, R = n-C,H,; mepivacaine, R = n-CHy 
bupivacaine, R = n-CyHy. Ropivacaine has been developed as a 
single enantiomer (levoisomer), whereas mepivacaine and bupiv- 
acaine are used as racemates. 


was measured using an ultrafiltration technique (Am- 
icon Micropartition System) at 37°C, with mean 
plasma ropivacaine concentrations of 1.43 + 0.40 and 
0.92 + 0.17 pg/mL at 16 and 30 min, respectively. 
Ultrafiltration was preferred to equilibrium dialysis as 
less than 0.1% of radiolabeled ropivacaine binds to 
the membrane at the concentrations involved. 

Drug concentration-time (C) profiles during and 
after infusion were fitted by Equation (1) using the 
NONLIN program (2). Concentrations were weighted 
by the reciprocal of their squared values. 

Equation (1) is as follows: 


» (1) 


Ro (G — e*!%)-Cye74 (1 — e"). Coe A2 
= — | enn nn rnc ccd 
Cw Vı AG = Àz 


where 7 = infusion time, Rọ = infusion rate, and V} = 
initial volume of distribution. 

Values of various pharmacokinetic parameters 
were calculated from the coefficients (C,, C,) and 
exponents (A,, A,), which are terms of Equation (1) 
using standard equations (3). All results were ex- 
pressed as mean + sp. 


Results 


None of the subjects had any symptoms or signs of 
systemic toxicity, and there were no significant alter- 
ations in heart rate, blood pressure, or electrocardio- 
grams during the study. 

Concentrations of ropivacaine in plasma samples 
collected more than 6 h after the start of infusion of 50 
mg of ropivacaine could only be detected in one 
subject. The peak plasma concentration ranged be- 
tween 1073 and 2048 ng/mL, with a mean of 1503 + 
362 ng/mL. The mean parainfusion and postinfusion 
plasma concentration—-time profile of ropivacaine 
(Figure 2) was well described by Equation (1) as 
assessed by the “goodness-of-fit” criteria of Boxen- 
baum et al. (4). 
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Figure 2. Mean (+sp) venous plasma concentrations of ropiv- 
acaine (base) over 6 h after starting a constant-rate IV infusion in' 
six subjects (50 mg of ropivacaine hydrochloride given over 15 
min). 


Derived pharmacokinetic parameters are shown in 
Table 1 together with the mean blood/plasma drug 
concentration ratio and the mean free fraction of drug 
in plasma. The volume of distribution of unbound 
drug (Vu,,) was calculated by dividing plasma V,, 
values by the free fraction of drug in plasma for each 
individual subject and is also given in Table 1. The 
mean terminal elimination half-life (t) was 111 + 68 
min and the mean plasma and blood clearances were 
0.50 + 0.12 and 0.72 + 0.16 L/min, respectively. The 
volume of distribution at steady state based on blood 
drug concentration (V,,) was 59 + 7 L. The mean 
extent of plasma protein binding was high, 94% + 
1%, with a blood/plasma concentration ratio of 0.690 
+ 0.059. 


Discussion 


Ropivacaine is less lipid-soluble than bupivacaine (5), 
but would be expected to be more lipid-soluble than 
its N-methyl homologue mepivacaine. Predictably, 
therefore, as compared with bupivacaine and mepiv- 
acaine, it has intermediate values of unbound volume 
of distribution at steady state (Vu,,) and blood clear- 
ance (Table 2). The former parameter is a better index 
of tissue binding than the volume of distribution 
based on the total drug concentration (V,,) in blood, 
which is more influenced by offsetting differences in 
plasma binding (5). The major part of ropivacaine in 
whole blood is associated with the plasma proteins. 
The extent of protein binding in plasma was very 
similar to that of bupivacaine (Table 2), and most of 


Table 1. Pharmacokinetic Parameters for Ropivacaine in Humans 


Variable 


Exponents of equation describing plasma drug 
concentration—time profile 

Coefficients of equation describing plasma drug 
concentration—time profile 

Terminal half-life 

Plasma clearance 

Blood clearance 

Volume of distribution at steady state (based on total plasma 
drug concentration) 

Volume of distribution at steady state (based on unbound drug 
concentration) l 

Free fraction in plasma 

Blood/plasma concentration ratio 

Volume of distribution at steady state based on blood drug 
concentration 


Table 2. Pharmacokinetic Parameters Describing the 
Disposition of Mepivacaine, Bupivacaine, and 
Ropivacaine in Humans 


Variable Mepivacaine Bupivacaine Ropivacaine 
tyz (min) 114 162 111 
Cl, (L/min) 0.78 0.58 0.73 
Vee.b (L) 84 73 59 
Vu,, (L) 382 1028 678 
Protein binding (%) 78 96 94 
0.92 0.73 0.69 


Data for mepivacaine and bupivacaine are from Tucker (6). 

Clearance values refer to whole biood clearance. Volumes of distribution 
are specified with respect to arterial sampling for mepivacaine and bupi- 
vacaine and peripheral venous sampling for ropivacaine. 


this binding is accounted for by association with 
a,-acid glycoprotein. The present data show that 
clearance of ropivacaine appears to be closer to that of 
mepivacaine than to that of bupivacaine, suggesting 
an intermediate hepatic extraction ratio and, there- 
fore, a dependence of its elimination on both liver 
blood flow and enzyme activity (6). Similarly, the 
terminal ty, of the two lower homologues appears to 
be less than that of bupivacaine (Table 2), reflecting 
differences in the balance between clearance and 
distribution, but also, possibly, differences in the 
ability to calculate the terminal elimination phase 
accurately as a result of analytical insensitivity. 

All of the above observations on the relative phar- 
macokinetics of the agents must also be qualified by 
the fact that a single isomer (ropivacaine) is being 
compared with racemates (mepivacaine, bupiva- 


LEE ET AL. 
Mean SD 
à; (L/min) 0.357 0.047 
A, (L/min) 0.0079 0.0035 
C, (ng/mL) 1354 510 
C, (ng/mL) 482 350 
tz (min) H1 62 
Ci (L/min) 0 50 0.12 
Cl, (L/min) 072 0.16 
Va (L) a2 5 
Vu,, (L) 742 94 
fu 0 06 0.01 
Kup 0.590 0.059 
Ve0,b 59 7 


caine), and there may be apprecable stereoselectivity 
in disposition processes. 

Knowledge of the disposition kinetics of ropiv- 
acaine will assist in the design of safe IV infusion 
regimens to assess the threshold toxicity of the drug 
in humans, to evaluate its systemic uptake from 
various perineural sites after single, multiple, or 
continuous dosage, and to estimate its therapeutic 
index. 


Gorel Osterlof is acknowledged for ropivacaine analysis. 
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Motor and Sensory Blockade after Epidural Injection of 
Mepivacaine, Bupivacaine, and Etidocaine—A Double-Blind Study 


K. Axelsson, MD, PhD, P-A. Nydahl, mp, L. Philipson, php, and P. Larsson, MD 


AXELSSON K, NYDAHL P-A, PHILIPSON L, LARSSON P. 
Motor and sensory blockade after epidural injection of 
mepivacaine, bupivacaine, and etidocaine—a double-blind 
study. Anesth Analg 1989;69:739-47. 


In a double-blind study of epidural anesthesia, 30 young 
volunteers were given either 2% mepivacaine (400 mg), 
0.5% bupivacaine (100 mg), or 1.5% etidocaine (300 mg), 
all solutions containing epinephrine (1:200,000). The 
spread of analgesia was equal in the groups, whereas the 
longest duration was noted in the etidocaine and bupiv- 
acaine groups. With use of a method for determining muscle 
force, motor blockade during anesthesia was recorded quan- 
titatively for hip flexion, knee extension, and plantar flexion 
of the big toe. Onset of motor blockade was significantly 
more rapid with etidocaine than with buptoacaine and 
mepivacaine. All subjects given etidocaine developed com- 
plete motor blockade, but with the other local anesthetics 


High concentrations of local anesthetics are required 
to produce both sensory and motor blockade during 
epidural anesthesia (1). However, with certain local 
anesthetics, given epidurally, there seems to be a 
poor correlation between the degrees of motor and 
sensory blockade (2-5) when motor blockade is esti- 
mated with use of the Bromage scale (6). Motor 
blockade can, however, quantitatively be measured 
by dynamometry or by isometric muscle force meth- 
ods more accurately than by the Bromage scale both 
during onset of anesthesia and during the entire 
regression phase (7,8). Application of this method to 
studies during spinal anesthesia has shown that the 
Bromage scale reflects only the first half of the regres- 
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5%-33% of the initial muscle force remained. The least 
motor blockade was found in the L5-S2 segment (plantar 
flexion of the big toe). The duration of maximal motor 
blockade varied between 60 min (mepivacaine) and 360 min 
(etidocaine). With each of the three local anesthetics, motor 
function returned simultaneously in the three muscle 
groups tested. Complete restoration of muscle function 
occurred significantly later for etidocaine (600 min) than for 
bupivacaine (360 min) and mepivacaine (180 min). With 
etidocaine, the motor blockade outlasted the sensory block- 
ade by 150 min. The Bromage scale corresponded to the 
motor blockade only during the first half of the regression 
phase. Not until 1-3 h after attainment of Bromage grade 0 
was the muscle force of all movements restored (90% of 
control values). 


Key Words: ANESTHETIC TECHNIQUES, 
EPIDURAL. ANESTHETICS, Ltocat—mepivacaine, 
bupivacaine, etidocaine. 


sion phase of the motor blockade (9,10), i.e., when 
the motor blockade is still pronounced. 

The aims of the present investigation were, first to 
quantify the motor blockade in subjects given one of 
three commonly used local anesthetics epidurally 
(mepivacaine, bupivacaine, or etidocaine, all with 
epinephrine), and, second, to relate the quantita- 
tively obtained values of motor blockade to measure- 
ments made with use of the Bromage scale and to 
compare the dermatomal levels of sensory and motor 
blockade during the regression phase. 


Materials and Methods 


The volunteers in this study had no spinal deformi- 
ties or mental or neurological disorders and were of 
comparable age (19-34 yr), height (167-188 cm), and 
weight (62-93 kg). They gave consent after being 
given verbal and written information about the 
study, which was approved by the Ethics Committee 
at the Orebro Medical Center Hospital. The subjects 
were divided randomly by a double-blind procedure- 
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Figure 1. The duration of maximal motor blockade was estimated 
as the difference between the two calculated times ti and t, for each 
muscle group. 


into three groups of 10, each group to receive one of 
the three test drugs. All subjects were give 20 mL of 
either 2% mepivacaine (400 mg), 0.5% bupivacaine 
(100 mg), or 1.5% etidocaine (300 mg), all solutions 
containing epinephrine 1:200,000. No premedication 
was given apart from 0.5% atropine IV just before the 
epidural injection. The epidural injection was per- 
formed with a 16-gauge Tuohy needle with the sub- 
ject in a horizontal lateral position, with use of the 
loss of resistance method at the L2-3 interspace. A 
4-mL test dose was given and 2 min were allowed to 
elapse before the remaining 16 mL of the solution was 
injected in a single bolus. All subjects were given 500 
mL of lactated Ringer’s solution IV before the lumbar 
epidural injection. 

In the 30 healthy male volunteers, muscle force 
measurements were performed before epidural injec- 
tion and during onset and regression of the epidural 
anesthesia with use of the methods described else- 
where (8). The maximal isometric forces achieved 
during knee extension, hip flexion, and plantar 
flexion of the big toe were recorded by force trans- 
ducers. Measurements were made in both legs simul- 
taneously with the subject in the lithotomy position. 
The error of the method has been found to be 10% (8). 
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A set of tests consisted of maximal muscle contrac- 
tions affecting the joints mentioned previously, per- 
formed five times. The mean of the measurement 
values for each type of contraction was then calcu- 
lated for the left and the right side separately. After 
the epidural injection, the measurements were re- 
peated until the motor blockade was complete or 
until a steady state had been reached. In the regres- 
sion phase, repeated muscle force measurements 
were performed every 30-45 min. The mean isometric 
force of each movement was expressed in percent of 
the control value (the mean value of four sets of tests 
before administration of epidural anesthesia). The 
continuous time-course of the motor blockade in each 
subject was estimated by means of linear interpola- 
tion between measurements. To compare the motor 
blockade in the three groups, times were calculated 
for each measurement site (hip, knee, and big toe) for 
25%, 50%, 75%, and 90% of the control value during 
the onset and regression phases. The duration of 
maximal motor blockade was estimated as the differ- 
ence between the two calculated times, t; and t,, for 
each muscle group as shown in Figure 1. The muscle 
force of the lower extremities was considered to be 
completely restored when at least 90% of the initial 
force values had been regained during the regression 
phase. The degree of motor blockade was also as- 
sessed according to the modified Bromage scale (0-3), 


MOTOR AND SENSORY BLOCKADE AFTER EPIDURAL INJECTION 


with use of the following scoring: 0 = no paralysis 
(full flexion of knees and feet); 1 = inability to raise 
extended leg (just able to move knees); 2 = inability 
to flex knee (able to move feet only); 3 = inability to 
flex ankle joint (unable to move feet or knees). The 
level of analgesia during onset was determined re- 
peatedly with use of the pin-prick method, until 
maximal caudal and cephalad spread of the analgesia 
had been attained. Similar recordings were made 
every 15-30 min during regression of sensory and 
motor blockade, including each of the five muscle 
force measurements. 


Statistics 


One-way analysis of variance and Scheffé’s test were 
used to test the differences between the local anes- 
thetic groups. To compare values for the left and right 
side (sensory and motor blockade), Student’s t-test 
for dependent samples was used. P = 0.05 was 
adopted as the level of statistical significance. 


Results 
Sensory Blockade 


There was no significant difference in the time from 
injection to onset of analgesia between the mepiv- 
acaine and bupivacaine groups. Etidocaine, however, 
had a significantly shorter onset time than that of 
bupivacaine at the L5 segment (15 + 1.5 min for 
etidocaine; 28 + 4.0 min for bupivacaine; mean + sp). 
All subjects had a level of analgesia of at least T12 
(mepivacaine, bupivacaine) and L1 (etidocaine) (Fig- 
ures 2a4a). In the bupivacaine group, dermatomes 
in the L5-S2 region did not become anesthetized in 
three subjects (Figure 3a). The duration of analgesia 
was significantly longer with bupivacaine and eti- 
docaine than with mepivacaine in the T12-55 area. 
Even though etidocaine had a significantly longer 
duration than that of bupivacaine in the L4 and $3-S5 
areas, the time from epidural injection to complete 
regression of the sensory blockade did not differ 
between these two solutions. 


Motor Blockade—Quantitative Method: Onset 


The onset of motor blockade was significantly more 
rapid for hip flexion and knee extension than that for 
plantar flexion of the big toe, irrespective of the local 
anesthetic used (Figures 2b—4b). For example, in the 
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Figure 2. (a), Segmental spread and duration of analgesia (mean 
+ SEM) after epidural injection of 20 ml of 2% mepivacaine with 
epinephrine. The upper level of analgesia was T12 in all subjects, 
(b), Onset and regression of motor blockade in the mepivacaine 
group. Diferent degrees of Bromage grade are indicated. Bromage 
grade 3 (only one patient) is excluded, When Bromage changed 
from grade 1 to grade 0 during regression, the muscle force had 
returned to <40% of the control value. 
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Figure 3. (a), Segmental spread and duration of analgesia (mean + sem) after epidural injection of 20 mL of 0.5% bupivacaine with 
epinephrine. The upper level of analgesia was T12 in all subjects. Segments were missing in three subjects—oane the L5-$2 segment and 
the other two the S1 segment. (b), Onset and regression of motor blockade in the bupivacaine group. None of the coniraction types showed 
complete motor blockade. The muscle force started to return roughly at the same time. Bromage grade 3 (only one patient) is excluded. 
At Bromage grade 0 there was a considerable degree of motor blockade. 
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Figure 4. (a), Segmental spread and duration of analgesia (mean + sem) after epidural injection of 20 ml of 1.5% etidocaine wit 
epinephrine. The upper level of analgesia was L1 in all subjects. (b), Onset and regression of motor blockade in the etidocaine group. Ther 
was complete motor blockade in all three measurement sites. The muscle force started to return almost at the same time. About 3 h afte 
Bromage grade 0 the muscle force had returned to 90% of the control value. 
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mepivacaine group, muscle force was reduced to 75% 
of the control value for hip flexion and knee extension 
within 6-8 min after the epidural injection and for 
plantar flexion of the big toe 20 min after the injection 
(Figure 2b). 

The onset of motor blockade was significantly 
more rapid in the etidocaine group than in subjects 
given mepivacaine and bupivacaine. Thus, the iso- 
metric muscle force of knee extensiorvhip flexion and 
plantar flexion of the big toe was reduced to 50% of 
the control value 6 and 14 min after the epidural 
injection in the etidocaine group, but not until 13 and 
30 min in the bupivacaine group and 11 and 28 min, 
respectively, in the mepivacaine group (Figure 5). 


Degree of Motor Blockade 


Complete motor blockade was achieved in all subjects 
given etidocaine. In the other two groups, between 
2% and 33% of the initial isometric muscle force 
persisted. There was a significant difference in the 
degree of motor blockade between the etidocaine and 
the other two groups (Figure 5). 


Duration and Regression of the Motor Blockade 


The duration of maximal motor blockade (Figure 1) 
was significantly longer in the etidocaine (346-389 
min; Figure 4b) than in the bupivacaine group (160- 
190 min; Figure 3b). The subjects who received me- 
pivacaine had the shortest duration (57-75 min; Fig- 
ure 2b). During regression, the isometric muscle force 
returned at the same time in the knee, hip, and the 
big toe in each group (Figures 2b—4b). 

The muscle force returned significantly more 
slowly in the etidocaine group than in the bupiv- 
acaine group (P < 0.001) and was regained signifi- 
cantly later in the bupivacaine group than in the 
mepivacaine group (P < 0.001). The length of time 
between epidural injection and complete regression 
of the motor blockade (90% of the control value) was 
180 min for mepivacaine, just over 360 min for 
bupivacaine, and just over 600 min for etidocaine, 
i.e., the ratio for the duration of motor blockade of 
mepivacaine to bupivacaine to etidocaine was 


roughly 1:2:3. 
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Bromage Scale and Its Relation to the Method of 
Isometric Muscle Force Measurement 


The time to reach taken bilateral Bromage grade 1 was 
significantly shorter after administration of etidocaine 
(mean + sp: 10 + 4.0 min) than it was with bupiv- 
acaine (37 + 21.0 min; P < 0.01). In the mepivacaine 
group, this time was 21 + 10.4 min. The difference 
between etidocaine and mepivacaine was not signif: 
icant. 

The degree of motor blockade was greatest in the 
etidocaine group. All patients in this group had 
complete motor blockade in the lower limbs, com- 
pared with only one patient in each of the other twc 
local anesthetic groups. The duration of motor block- 
ade of Bromage grade 1 (Figures 2b-4b) was around 
1.5 h in the mepivacaine, almost 4 h in the bupiv- 
acaine, and just over 7 h in the etidocaine group. The 
differences in duration between the groups were 
significant. During onset, when the Bromage scale 
changed from grade 0 to grade 1, 50%-75% of the 
isometric force remained for plantar flexion of the big 
toe and only 25%-50% for knee extension and hip 
flexion (Figures 2b—4b). 

According to the Bromage scale, seven patients 
had almost complete motor blockade (Bromage grade 
2) in the bupivacaine group and four patients in the 
mepivacaine group. With the isometric quantitative 
method, there was no significant difference in the 
degree of motor blockade between the two groups 
investigated; 5%-29% of the initial muscle force re- 
mained in the bupivacaine group and 2%-33% in the 
mepivacaine group. 

During regression, when the Bromage scale 
changed from grade 1 to 0, 25%-30% of the initia 
muscle force was observed for hip flexion and knee 
extension in the mepivacaine group, whereas the 
corresponding figures for the bupivacaine and eti- 
docaine groups were 35%-45% (Figures 2b—4b). Fo) 
plantar flexion of the big toe, 40% (mepivacaine 
group) to 55% (bupivacaine group) of the muscle 
force had returned. Not until 60 min (mepivacaine 
group) to 180 min (etidocaine group) after attainmen’ 
of grade 0 on the Bromage scale was the moto 
blockade considered to have completely regressec 
(Table 1). 


ce 


Figure 5. Comparison of the three local anesthetic solutions with respect to degree of motor blockade (mean + sem; *P = 0.05) at differen 
times after epidural injection: (a), Hip flexion. There was partial motor blockade in the mepivacaine group. The motor blockade curve: 
flattened out increasingly for the long-lasting solutions. (b), Knee extension. There was almost complete motor blockade with all loca 
anesthetics. (c), Plantar flexion of big toe. Although all subjects but one in the mepivacaine and bupivacaine groups were able to move thei 


toes, there was a considerable reduction in the muscle force. 
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Table 1. Time Taken for Complete Regression of Motor 
Blockade (90% of control value) and Sensory Blockade 


Complete 

regression of Mepivacaine Bupivacaine Etidocaine 
Bromage scale (Br 0 107 + 31.8 257+ 22.3} 443 + 28.4° 
Motor blockade . 

Isometric method 182 + 37.2 392 + 102.6" 622 + 137.4% 

(90% of control 

value) 
Analgesia 187 + 41.7 367 + 132.7 453 + 93.3 


Values are mean + sp, in minutes. 
are significant for the following: “Bromage scale vs isometric 
method, irrespective of local anesthetics; 0.5% bupivacaine vs 2% mepiv- 
acaine; “1.5% etidocaine vs other solutions; and “motor blockade with 
isometric method vs sensory blockade. 


Sensory Blockade (pin-prick) and Its Relation to 
Motor Blockade 


At the beginning of the regression of motor blockade 
for hip flexion (innervation L1-3), knee extension 
(innervation L2-4), and plantar flexion of the big toe 
(L5-52), the sensory blockade still remained at L1-S5 
in the mepivacaine and bupivacaine groups and at 
L2-55 in the etidocaine group. There were no signif- 
icant differences in times between the complete re- 
gression of sensory and motor blockades (90% of the 
control value) in the bupivacaine and mepivacaine 
groups. In the etidocaine group, only 40% of the 
muscle force had returned by the time that the 
sensory blockade had completely regressed (Figure 
4). The difference in time between complete regres- 
sion of sensory and motor blockade in the etidocaine 
group was 2.5 h and statistically significant (Table 1). 
As shown in Table 1 in the mepivacaine and bupiv- 
acaine groups, complete regression of sensory block- 
ade occurred significantly later than that of motor 
blockade as recorded by the Bromage scale. In the 
etidocaine group, there was no significant time dif- 
ference between complete regression of sensory 
blockade and of motor blockade (Bromage scale). 


Mobilization 
The volunteers were mobilized when the muscle 
force had reached 90% of the control value at all 
measurement sites, bilaterally. After an average of 
about 4 h (3-5 h), the subjects in the mepivacaine 
group were mobilized. In the bupivacaine and eti- 
docaine groups, the corresponding times were 8 h 
(range 6-11 h) and 11 h (range 8-16 h), respectively. 
In the mepivacaine group, one volunteer was 
slightly dizzy when mobilized, but the pulse and 
blood pressure were within normal limits. Four sub- 
jects in the bupivacaine group and four in the eti- 
docaine group felt unstable when walking. Two vol- 


AXELSSON ET AL. 


unteers in the bupivacaine group reported that their 
heels felt rather “cushiony” and one volunteer in the 
bupivacaine group had an atactic gait. One volunteer 
in the etidocaine group had a normal gait but during 
jogging the right knee felt unstable and he tended to 
stumble. 


Discussion 

The duration of analgesia was significantly shorter in 
the mepivacaine group than in the bupivacaine and 
etidocaine groups, in accordance with previous re- 
ports (11,12). There was a significant difference in the 
duration of analgesia between the bupivacaine and 
etidocaine groups in the lowest sacral segments. 
These results are in agreement with the findings of 
Scott et al. (13) and Diallo and Nolte (14). Other 
authors (5,15,16), however, have found that, clini- 
cally, the intraoperative sensory blockade provided 
by etidocaine is less satisfactory than that of 0.5% and 
0.75% bupivacaine. 

In all groups, hip flexion and knee extension (L1-4) 
were blocked significantly more rapidly than plantar 
flexion of the big toe (L5-S2). This may be due to a 
higher concentration of the local anesthetic agent at 
the L2-3 region, the site of the epidural injection. The 
poor degree of motor blockade for plantar flexion of 
the big toe compared with that for hip flexion and 
knee extension in the mepivacaine and bupivacaine 
groups indicates that the lower lumbar and upper 
sacral segments may be more resistant to local anes- 
thetics (1), which could also explain the “missing 
analgesic segments” (L5-52) after administration of 
bupivacaine in this study. 

The duration of maximal motor blockade was sig- 
nificantly longer with etidocaine than with the other 
two local anesthetics, 5-6 h compared with 1-3 h. 
Mepivacaine given epidurally provides partial motor 
blockade and is the only one of the three local 
anesthetics that is suitable for short-lasting opera- 
tions on an outpatient, ambulatory basis. Although 
blockade of the lower lumbar and upper sacral motor 
segments was slower in onset and not as profound as 
in the upper lumbar segments, the former did not 
recover more rapidly during the regression phase 
than the upper lumbar segments. 

During the regression phase, the motor blockade 
curve seemed to flatten out with increasing duration 
of the motor blockade, which meant that mepivacaine 
had the steepest regression curves. In the etidocaine 
group, 90% of the muscle force returned 10 h, on the 
average, after epidural injection, an extremely long 
duration. One of the subjects was mobilized as late as 
16 h after the injection. Similar results of long dura- 
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MOTOR AND SENSORY BLOCKADE AFTER EPIDURAL INJECTION 


tion with etidocaine have been reported by other 
authors (16). 

In a study by Sinclair and Scott (17), no difference 
in complete regression of motor and sensory block- 
ades was found after epidural injection of etidocaine, 
which is in accordance with the present results when 
the motor blockade was measured with use of the 
Bromage scale. However, when it was estimated by 
the quantitative isometric method, the motor block- 
ade was found to recover significantly later than the 
sensory blockade in the etidocaine group. During 
onset of the motor blockade, both the Bromage scale 
and the quantitative method described the relation- 
ship between the three local anesthetic groups 
equally, but the quantitative method gave a more 
precise differentiation between the three local anes- 
thetics. The Bromage scale was not as sensitive in 
measuring the degree of motor blockade as was the 
quantitative isometric method, a finding in agree- 
ment with a report by Lanz et al. (7). 

During the regression phase when the Bromage 
scale changed from grade 1 to grade 0, the muscle 
force of hip flexion and knee extension was <45% of 
the control value and that of plantar flexion of the big 
toe was between 40% and 55% in the three groups. 
Thus, the Bromage scale reflected changes in motor 
function only in the first half of the regression phase. 
These results are compatible with those obtained for 
spinal anesthesia (9,10). After Bromage grade 0 has 
been reached, subjects given epidural anesthesia 
should therefore lie recumbent for 1 h (mepivacaine) 
to 3 h (etidocaine). The subjects were mobilized when 
the muscle force had reached 90% of the control 
value, a level that many may consider too high. 
However, there were subjects who still had a cush- 
iony feeling under the heels on mobilization, had an 
atactic gait, or felt unstable when walking and jog- 
ging. The 90% value therefore seems reasonable. 

In conclusion, the spread of sensory blockade was 
the same for the three local anesthetics tested. In the 
etidocaine group, the motor blockade was more effec- 
tive, as expressed by a more rapid onset time, a 
higher frequency of complete motor blockade, a 
longer duration of complete motor blockade, and a 
slower regression phase than those in the bupiv- 
acaine and mepivacaine groups. In the etidocaine 
group, the motor blockade outlasted the sensory 
blockade. The isometric quantitative method was 
superior to the Bromage scale in describing the onset, 
degree, and duration of the motor blockade. Only in 
the first half of the regression phase did the Bromage 
scale accurately reflect motor function. 
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The incidence of postoperative effects of droperidol, in the 
hospital and at home the following night, after general 
anesthesia for minor outpatient procedures was evaluated in 
two groups of 50 patients each. Anesthetic techniques were 
identical except for the presence or absence of 1.25 mg of IV 
droperidol. There were no differences between the groups 


A great deal of research has been focused on the most 
appropriate anesthetic techniques for use in ambula- 
tory surgery. The main objective is to define those 
techniques that allow the most rapid discharge from 
the surgical facility. Nausea and vomiting, the most 
common postoperative complications associated 
with outpatient general anesthesia (1), significantly 
lengthen time to discharge (2-4). It has been shown 
that droperidol can prevent postoperative nausea and 
vomiting in children undergoing strabismus surgery 
(5,6), and in adults undergoing gynecologic (7) and 
orthopedic surgery (8). A recent report, however, 
implicated low-dose droperidol as a cause of extrapy- 
ramidal reactions that occurred after discharge from 
our ambulatory surgical facility (9). We have also 
found, through routine postoperative phone calls, 
that many patients from our facility report being 
anxious or restless the night following surgery. As 
these seemed to be possible side effects of droperidol, 
we designed the following study. 
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with regard to postoperative nausea, vomiting, pain, or 
time to discharge. In 23% of patients givzn droperidol, 
anxiety or restlessness developed after disc-arge from the 
ambulatory care unit. No patient not receiving droperidol 
had these reactions. It is suggested that the routine use of 
droperidol in all outpatients receiving general anesthesia 
may not be appropriate. 


Key Words: ANESTHESIA, OUTPATIENT. 
ANESTHETICS, INTRAVENOUS—droperidol. 


Materials and Methods 


One hundred consecutive adult women undergoing 
minor outpatient procedures (dilatation and curet- 
tage [D&C], therapeutic abortions [D&E&C], laser 
cone biopsies of the cervix, and breast biopsy) under 
general anesthesia were studied. The study was 
approved by the Hospital Committee on Human 
Experimentation. Written informed consent was ob- 
tained. Patients with a history of psychiatric illness or 
taking psychotropic drugs were omitted from the 
study. Also omitted were patier.ts in whom tracheal 
intubation was deemed necessary. Patients were al- 
ternately divided into one of two groups by one of the 
investigators (B.M.). All patients had an 18- or 20- 
gauge intravenous (IV) catheter inserted and were 
monitored by continuous electrocardiogram (ECG) 
precordial stethoscope pulse oximeter and automated 
blood pressure cuff. No patient was premedicated. 
Anesthesia was induced with sufentanil (5 wg IV) and 
thiopental (5-7 mg/kg IV). Maintenance of anesthesia 
was with 0%-3% isoflurane and oxygen (5 L/min). 
Patients breathed spontaneously with manual assist- 
ance through an anesthesia face mask using a semi- 
closed circle system. Group 1 patients received dro- 
peridol (1.25 mg IV) immediatelv before induction of 
anesthesia. Group 2 patients received 0.5 mL of 
normal saline solution immediately before induction 
of anesthesia. 
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In the recovery room, patients were evaluated for 
pain; they were also evaluated every 15 min for 
nausea and vomiting by a recovery room nurse 
unaware of the patient study group. If a patient 
vomited, or spontaneously complained of nausea or 
pain, this was recorded. Every 15 min each patient 
was asked, “Are you comfortable?” If the patient said 
yes, she was not questioned again for 15 more min- 
utes. If the patient replied no, she was asked, “Do 
you feel sick to your stomach or does something 
hurt?” Responses to these questions were recorded. 
Patients requesting pain medication were given 400 
mg of oral ibuprofen or 1000 mg of oral acetamin- 
ophen. Patients requesting antiemetics were given 
droperidol (1.25 mg IV) and were excluded from 
assessment of their status after discharge from the 
ambulatory care unit. Patients were discharged home 
when deemed appropriate by an attending anesthe- 
siologist unaware of the patient study group. 

Twenty-four to thirty-six hours after discharge, all 
patients were called on the telephone by a nurse 
unaware of the study group to which they had been 
assigned. Along with a list of routine questions, 
which included questions on postdischarge nausea, 
vomiting, and pain, patients were asked if they 
experienced any unusual physical sensations, were 
unable to sit still, or felt nervous or jumpy the night 
after surgery. All patients with positive answers were 
asked to describe their experiences in further detail. If 
nervous, they were asked if they could think of 
anything at home that would account for their ner- 
vousness. They were also asked if they considered 
these sensations to be disturbing. If a patient could 
not be contacted with the initial call, they were called 
once more later in the day and once the next day. 

Continuous variables were compared by unpaired 
t-tests. Discrete variables were compared by using 
the y*-test and confirmed using confidence interval 
for proportions. A value of P < 0.05 was considered 
statistically significant. 


Results 


Patients were similar with regard to age, height, 
weight, and duration of anesthesia (Table 1). There 
were no differences between the groups in types of 
surgery performed. Surgical procedures in group 1 
included 29 D&Cs, four D&E&Cs, 15 cone biopsies, 
and two breast biopsies. Surgical procedures in group 
2 were 33 D&Cs, three D&E&Cs, 12 cone biopsies, 
and two breast biopsies. Postoperative data— 
including time until discharge and nausea, vomiting, 
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Table 1. Patient Height, Weight, Age, and Duration 
of Anesthetic 
Group 1 Group 2 
(1.25 mg (no 
droperidol) droperidol) 
Number 50 50 
Height (cm) 137.2 + 6.1 137.8 + 9.3 
Weight (kg) 60.0 + 13.2 64.1 + 114 
Age (yr) 36.9 + 5.3 35.2 + 8.1 
Duration of anesthesia (min) 22.7 L122 24.3 + 15.: 
Values are mean + sD. 
Table 2. Times to Discharge and Number of Patients 
‘with Nausea, Vomiting, or Pain Before Discharge 
Group 1 Group 2 
(1.25 mg (no 
droperidol) droperidol) 
Number 50 50 
Time to discharge (min) 129.8 + 29.4 139.4 + 38.7 
Number of patients 4 (8%) 7 (14%) 
with nausea (%) 
Number of patients 1 (2%) 3 (6%) 
with vomiting (%) 
Number of patients 16 (32%) 16 (32%) 
with pain (%) 


Table 3. Number of Patients with Nausea, Vomiting, or 
Pain After Discharge 


Group 1 Group 2 
(1.25 mg (no 
droperidol) droperido: 
Number 43 46 
Number of patients with nausea (%) 2 (4.7%) 4 (8.7%) 
Number of patients with vomiting (%) 2 (4.7%) 3 (6.5%) 


Number of patients with pain (%) 12 (27.9%) 13 (28.3% 


or pain before discharge—were also similar (Table 2). 
The addition of droperidol to the anesthetic tech- 
nique did not decrease nausea or vomiting before 
discharge. One patient in each group requested anc 
received an antiemetic in the recovery room. These 
two patients were excluded from postdischarge date 
(Tables 3 and 4). Six patients in group 1 and three 
patients in group 2 could not be contacted by tele. 
phone. These patients were also excluded from the 
postdischarge data. Chi-square analysis of the re 
maining patients showed that this loss to follow-up 
did not create a disproportionate number of subjects 
in either of the experimental groups. 

After discharge, two patients in group 1 experi: 
enced nausea during the car ride home. One of these 
patients vomited in the car, and the other after she 
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Table 4. Number of Patients with Anxiety, Restlessness, 
or Unusual Physical Sensations After Discharge 


Group 1 Group 2 
(1.25 mg (no 
droperidol) droperidol) 
Number 43 46 
Number of patients with 10 (23.2%)* 0 (0%) 
anxiety (%) 
Number of patients with 3 (7.8%) 0 (0%) 
restlessness (%) 
Number of patients with 0 (0%) 0 (0%) 
unusual physical 
sensations (%) 
Total number of patients 10 (23.2%)* 0 (0%) 


with above conditions (%) 
*P < 0.05. 


arrived home. Four patients in group 2 experienced 
nausea after discharge, one in the car and three after 
they arrived home. Three of these patients vomited. 
Twelve patients in group 1 and 13 in group 2 experi- 
enced pain after discharge. None of the differences 
between the two groups was statistically significant. 
Ten-—that is, 23%—of the patients in group 1 
answered yes to the question about unusual physical 
sensations, restlessness, or nervousness. Of these ten 
patients, seven said they were nervous and three said 
they were nervous and couldn’t sit still. None said 
she had any other unusual physical sensations. No 
patient in group 2 responded yes to this question. No 
group 1 patient could think of any particular reason 
for her nervousness, although two suggested it might 
be the anesthetic. All of these patients found the 
nervousness or restlessness to be unpleasant. 


Discussion 


Possible side effects of droperidol include anxiety and 
extrapyramidal reactions. The extrapyramidal reac- 
tions can be classified as parkinsonism, acute dysto- 
nia, and akathisia. Ten patients in the present study 
that were given IV droperidol during induction of 
general anesthesia reported feeling anxious at home 
the night after surgery. None could trace this anxiety 
to any disturbing incident. In addition, three of these 
patients reported feeling restless. Although this can 
also be an aspect of nervousness, it is possible that 
this was a form of akathisia, which can be defined as 
motor restlessness. Regardless, these occurred only 
in patients receiving droperidol and were reported by 
the patients as being unpleasant. None developed 
serious extrapyramidal symptoms. 

When evaluating appropriateness of medications 
for ambulatory anesthesia, not only adverse reactions 
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that occur in the immediate postoperative period 
(nausea, vomiting, or drowsiness) and may delay 
discharge, but also reactions that may occur after the 
patient is discharged and no longer under direct 
medical supervision must be considered. Nausea and 
vomiting after outpatient surgery are probably 
caused by a combination of patient characteristics, 
i.e., tendency toward motion sickness, surgical pro- 
cedures (10), and anesthetic technique (4,11-13). 
Low-dose droperidol is an effective antiemetic for 
many (5,6,8) but not all (14) types of surgical proce- 
dures. Cohen et al. (14) did not observe any decrease 
in nausea and vomiting with the use of droperidol in 
outpatients undergoing therapeutic abortion under 
general anesthesia without tracheal intubation. Like- 
wise, in the present study, we could discern no 
antiemetic benefit of droperidol either before or 
after discharge from the hospital. Our patients also 
underwent minor gynecologic surgery with mask 
anesthesia. The anesthetic technique in this study 
was designed to minimize emetic symptoms and 
postoperative pain. Nitrous oxide was omitted, as it 
has been shown to be associated with a higher 
incidence of nausea and vomiting in outpatients (4). 
Sufentanil was chosen as the narcotic as it has been 
found to be associated with less postoperative nau- 
sea, vomiting, and pain than fentanyl in outpatient 
anesthesia (12). Cohen et al. employed fentanyl and 
70% nitrous oxide. This may explain the difference in 
postoperative nausea and vomiting in our studies. 

The incidence of nausea and vomiting was similar 
in both groups both in the recovery room and after 
discharge from the ambulatory care unit. Intravenous 
droperidol did not decrease nausea and vomiting at 
either time. If emetic symptoms were decreased after 
discharge, this might have outweighed the anxiety or 
restlessness reported in some of the patients receiv- 
ing droperidol. This, however, was not the case. 
Although no patient in this study had what could be 
considered a serious reaction to droperidol, these can 
occur after discharge (9). In pediatric patients receiv- 
ing larger doses of droperidol (0.1-0.17 mg/kg) reac- 
tions have been reported to occur as long as 14 h after 
injection of the drug (15). The incidence and severity 
of extrapyramidal reactions to droperidol are usually 
dose-related, and it is likely that if a higher dose of 
droperidol were used, we would have seen more 
reactions after discharge. The dose of 1.25 mg used in 
this study was chosen because the authors believe 
that this is probably the upper limit of droperidol 
routinely administered to outpatients. 

A total of nine patients, six in group 1 and three in 
group 2, could not be contacted for postoperative 
assessment. This loss did not leave a disproportion- 
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ate number of patients remaining in either group. 
Patients probably did not answer their postdischarge 
calls because they were not at home. There is no way 
of knowing whether or not they experienced postdis- 
charge nausea. If all of the patients without droperi- 
dol had emetic symptoms and all receiving droperi- 
dol did not, there would be a high, statistically 
significant difference in postdischarge nausea and 
vomiting. We believe that this combination is un- 
likely. 

In summary, ten (23%) healthy adult female out- 
patients undergoing minor surgical procedures under 
general anesthesia who were given IV droperidol at 
induction of anesthesia reported feeling unpleasant 
sensations of anxiety during the day and night after 
discharge from the surgical facility. In addition, three 
of these ten patients also complained of restlessness. 
All ten patients had been given droperidol. No pa- 
tient not given droperidol had these side effects. It is 
suggested that for the surgical procedures performed 
and anesthetic technique used during this study, the 
use of droperidol as a prophylactic antiemetic is not 
necessary. This is probably due to the low incidence 
of nausea and vomiting in the untreated group. As 
droperidol may only be effective in conjunction with 
certain anesthetic techniques or surgical procedures 
and may cause side effects after discharge following 
ambulatory surgery, it is possible that its routine use 
in all outpatient anesthetics may not be appropriate. 
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Although many studies have presented data based on 
administration of nondepolarizing neuromuscular blocking 
agents to patients given inhalation anesthesia for 30—45 
min, no data exist on the interaction in a clinical situation 
where the relaxant is administered immediately after the 
start of anesthesia. We therefore studied the effect of the 
commonly used inhalation anesthetics, halothane and en- 
flurane, on the clinical pharmacology of atracurium, vecu- 
ronium, pipecuronium, and pancuronium. No significant 
influence of the anesthetic technique on the onset time of the 
various neuromuscular blocking agents was observed. The 
duration of action of atracurium, pipecuronium, and pan- 
curonium was significantly prolonged during enflurane 


anesthesia as compared with the other two anesthetic tech- 
niques. The duration of vecuronium blockade was not 
significantly influenced by enflurane. Halothane, in con- 
trast to enflurane, did not significantly prolong the blockade 
induced by these agents. The prolongation of atracurium 
blockade was clinically irrelevant. A fact that is statistically 
significant but clinically irrelevant is that a cumulative 
effect with atracurium and vecuronium was only seen 
during enflurane anesthesia and after the fourth mainte- 
nance dose. We conclude that there is no clinical indication 
that the dosage of atracurium and vecuronium during 
inhalation anesthesia should be reduced, but the doses of 
pipecuronium and pancuronium should be reduced when 
prolonged paralysis is not desired. 


Key Words: NEUROMUSCULAR 
RELAXANTS—atracurium, vecuronium, 
pancuronium, pipecuronium. 
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Potentiation in humans of the effects of neuromuscu- 
lar blocking agents by volatile anesthetics has long 
been observed (1-5). At equal MAC values, different 
anesthetics have different potentiating effects (3-5). 
Most of these studies deal with the evaluation of the 
intensity of the neuromuscular blockade produced by 
the neuromuscular blocking agents under the influ- 
ence of volatile anesthetics. Some investigations also 
report prolongation of the neuromuscular blockade 
(2,6). In all these studies the neuromuscular blocking 
agents were administered 30-45 min after the initia- 
tion of ventilation with volatile anesthetics. The more 
recently developed neuromuscular blocking agents 
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have also been studied according to this same proto- 
col (6,7). Although the methods used in past studies 
were appropriate for the study of the influence of 
volatile anesthetics on the action of neuromuscular 
blocking agents, the situation in daily clinical practice 
is quite different. In daily clinical practice these 
agents are usually administered at the beginning of 
anesthesia, immediately after induction. Conse- 
quently, this study was designed to obtain informa- 
tion about the influence of volatile anesthetics on the 
pharmacologic profile of muscle relaxants when both 
are used in a clinical situation. 


Methods 


A total of 350 patients, men and women, between 16 
and 65 yr of age, weighing 45-103 kg, ASA physical 
status I or II, who were scheduled for elective surgery 
requiring muscle relaxation, gave written informed 
consent to their participation in this investigation. 
The study was approved by the Ethics Committees in 
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Groningen and Leiden. All patients were free from 
neuromuscular disease and did not receive any drug 
that might alter neuromuscular function. 

Three anesthetic techniques were used: neurolept, 
halothane 0.5% and nitrous oxide in oxygen (N,O/ 
O,), and enflurane 1% and N,O/O,. Diazepam (0.15 
mg/kg) was administered orally 60 min before the 
induction of anesthesia with 4-5 mg/kg of thiopental. 
After induction a control twitch height was recorded 
for at least 3 min before the neuromuscular blocking 
agent was injected. Two times the ED,; of each drug 
(0.1 mg/kg vecuronium, 0.1 mg/kg pipecuronium, 0.1 
mg/kg pancuronium, or 0.5 mg/kg atracurium) was 
used to facilitate endotracheal intubation. Ventilation 
was with 60% N,O in O, and was adjusted to 
maintain an end-tidal Fco, of 0.038-0.042, monitored 
by a Datascope capnograph. Esophageal temperature 
was kept above 35.5°C. Fentanyl was administered 
according to the individual requirements. Halothane 
(0.5%) or enflurane (1%) was administered directly 
after induction. The end-tidal concentrations of these 
volatile agents were measured by a hydrogen flame 
ionization technique (8,9). 

When a given concentration was considered to be 
insufficient for anesthesia, small-dose intravenous 
supplements of fentanyl were administered. Neuro- 
muscular function was monitored by single twitches 
of 0.2-ms duration at a frequency of 0.1 Hz delivered 
by a Grass S88 nerve stimulator through 22-gauge 
needle electrodes placed near the ulnar nerve at the 
wrist. The resulting twitch response of the adductor 
pollicis muscle was registered with a Statham UC 3 
force transducer with a load cell and was recorded on 
a Datascope recorder. Pipecuronium, pancuronium, 
and atracurium were each given to 25 patients in 
combination with one of the three anesthetic tech- 
niques. Vecuronium was given to 50 patients during 
halothane and enflurane and to 25 patients during 
neurolept anesthesia. In assessing the neuromuscular 
effects of these four muscle relaxants under the 
different anesthetic techniques, the following indices 
were measured: 1) onset time—the time between the 
end of the injection and maximal depression, which 
is important in relation to intubation; 2) duration of 
action—the time between the end of injection and 
25% recovery, which is important in relation to sur- 
gical relaxation and neuromuscular block reversal 
(10); and 3) duration of maintenance dose—the time 
between supplementary injections, which is impor- 
tant as an indicator of the cumulative effect. 

A maintenance dose was administered during this 
study when the twitch height reached 25% of recov- 
ery. This bolus dose was always one-quarter of the 
initial dose. 
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Table 1. Age of the Patients in the Different Groups 





Anesthetic technique 





Muscle relaxant Neurolept Halothane Enflurane 
Atracurium 41+ 15 39 + 16 30 + 11 
Vecuronium 2 215 oo @ 12 33 15 
Pipecuronium a1 15 36 + 14 a1 + 1! 
Pancuronium 38 + 14 28 + 10 36+ 15 





Values are mean = SD, in years. 


Table 2. Weight of Patients in the Different Groups 





Anesthetic technique 




















Muscle relaxant Neurolept Halothane Enflurane 
Atracurium 70 2 12 75 = 14 71 = 12 
Vecuronium 74 + 16 67 + 11 65 + 13 
Pipecuronium 70 2 12 76 + 11 jo 9 
Pancuronium 735.2 12 67 £ 13 70 + 12 
Values are mean + sp, in kilograms. 
Table 3. Onset Times 
Anesthetic technique 

Muscle relaxant Neurolept Halothane Enflurane 
Atracurium oe = 3.6 3.02 1.2 2.6 + 0.6 
Vecuronium 2.9 + 0.9 3.0 + 0.8 oo 2 BD 
Pipecuronium 3.4 + 1.0 e Ie 3.4 + 1.0 
Pancuronium 3.9: 2 1.6 3.52 1.8 3:6 = 1.6 





Values are mean + SD, in minutes. 


The results were compared with an analysis of 
variance followed by a multiple comparison accord- 
ing to the method of Scheffe (11); differences were 
considered significant when P < 0.05. Cumulative 
effects were detected with the Friedman test. Here, 
too, P < 0.05 was considered to be statistically signif- 
icant. 


Results 


Physical characteristics of the patients are shown in 
Tables 1 and 2. Onset times were not significantly 
influenced by the anesthetic technique (Table 3). In 
all patients complete abolition of the twitch response 
was obtained. The duration of the neuromuscular 
blockade after administration of the bolus dose is 
shown in Table 4. This table shows that with the 
exception of vecuronium, a significant increase in the 
duration of action occurred only during enflurane 
anesthesia. 

Because of the prolonged duration of the pancu- 
ronium- or pipecuronium-induced neuromuscular 
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Table 4. Clinical Duration 





Anesthetic technique 








Muscle relaxant Neurolept Halothane Enflurane 
Atracurium 36 + 9 3L Æg 44+ 7 
Vecuronium 26+ 6 28 +9 30 +9 
Pipecuronium 65 + 31 09 + 25 125 + 34? 
Pancuronium 74 + 35 90 + 25 106 + 35° 


Se 
Values are mean + sp, in minutes. 
“Significant prolongation compared with the other two techniques, 
P< 0:05. 
"Significant prolongation only when compared with neurolept, P < 0.05. 
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Figure 1. Mean duration of the first four maintenance doses under 
different anesthetic techniques. O, vecuronium; Z), atracurium. 
The four columns represent the four maintenance doses. 


blockade and the brevity of the surgery, the duration 
of the maintenance doses of these agents could not be 
determined. Figure 1 gives the duration of the first 
four maintenance doses only for atracurium and 
vecuronium. A significant prolongation of effect (P < 
0.05) with the maintenance dose of both drugs (atra- 
curium and vecuronium) was seen only during en- 
flurane anesthesia. 


Discussion 


The onset time of the four neuromuscular blocking 
agents studied was not influenced by the anesthetic 
technique. This could be explained by the slow up- 
take of inhalational anesthetics by the body. In this 
investigation the neuromuscular blocking agents 
were administered 3 min after obtaining a stable 
control twitch. This means that at the moment of 
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injection of the relaxant, the patient had been ex- 
posed to inhalational anesthetics for only about 5 
min. Because of the relatively slow uptake of volatile 
anesthetics by muscle tissue, any potentiating effect 
(of volatile anesthetics) that may have existed on the 
action of nondepolarizing neuromuscular blocking 
agents was likely to become significant only after 
more prolonged exposure. Muscle tissue equilibrates 
with the partial pressure of the volatile anesthetic in 
arterial blood within 1—4 h (12). Most of the interac- 
tion studies (1-7) have concerned patients who have 
been ventilated with the inhalational anesthetics for 
at least 30—45 min before the relaxant was injected. In 
daily clinical practice muscle relaxation and tracheal 
intubation are usually achieved immediately after 
induction. Consequently, our results more accurately 
reflect the effect of volatile anesthetics on neuromus- 
cular blocking agents in the daily clinical situation. 

The duration of neuromuscular blockade induced 
by an intubation dose of vecuronium was not influ- 
enced by any of the anesthetic technique. Enflurane, 
however, did prolong the neuromuscular blockades 
produced by atracurium, pipecuronium, and pancu- 
ronium. This finding might be explained by the 
differences in the duration of effect of the various 
neuromuscular blocking agents. The duration of a 
vecuronium-induced neuromuscular blockade during 
neurolept anesthesia is only 26 + 6 min. This time- 
course may be too short for interaction with a volatile 
anesthetic, as the latter would hardly have equili- 
brated with the muscle tissue. The increasing dura- 
tion of the subsequent maintenance doses of vecuro- 
nium and atracurium under enflurane anesthesia 
(significant after the fourth dose, P < 0.01) might be 
an expression of an increasing sensitivity after pro- 
longed exposure to enflurane reflecting a continued 
uptake of the anesthetic by muscle tissue. Such an 
increasing sensitivity during prolonged exposure to 
enflurane has been shown to apply to d-tubocurarine 
(13). 

In this study halothane did not prolong the clinical 
duration of any of the neuromuscular blocking 
agents, nor was a significant cumulative effect no- 
ticed during relaxation with atracurium or vecuro- 
nium. The absence of cumulative effect after the use 
of vecuronium has been reported by many authors 
(14-18) and by Hughes and Payne (19,20) for atracu- 
rium. At equal MAC values, enflurane potentiates 
the effect of nondepolarizing neuromuscular blocking 
agents more than halothane does. It can therefore be 
concluded that although there is no need to reduce 
the initial dose of vecuronium or atracurium during 
inhalational anesthesia, it might be necessary during 
prolonged enflurane anesthesia to reduce mainte- 
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nance doses. In this study, which had a duration of 
surgery of up to 200 min, this was not necessary. The 
duration of pipecuronium and pancuronium block- 
ades is significantly prolonged during enflurane an- 
esthesia, both statistically and clinically. Reduction in 
the doses of the latter two neuromuscular blocking 
agents during enflurane anesthesia might be desir- 
able. If this is the case, one should take into account 
the resultant onset time. 


The authors are very grateful to Professor J.A. Thornton for his 
advice and help in preparing this manuscript, and to R. Carpay 
and W.C.E. van Leeuwen for secretarial assistance. 
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Fentanyl! Inhibits the Canine Carotid Chemoreceptor Reflex 


Nikolaus Mayer, mp, Michael Zimpfer, MD, Gerhard Raberger, MD, and 


Alexander Beck, MD 


MAYER N, ZIMPFER M, RABERGER G, BECK A. 
Fentanyl inhibits the canine carotid chemoreceptor reflex. 
Anesth Analg 1989;69:756~-62. 


To investigate the impact of fentanyl on the carotid 
chemoreceptor reflex, nine mongrel dogs were permanently 
monitored with electromagnetic flow transducers around 
the right common iliac artery and witk heparin-filled 
catheters in the descending aorta and in one of the main 
carotid arteries with the tip just proximal to the carotid 
sinus. Carotid chemoreceptor activation (CCRA) produced 
by consecutive injections of nicotine (0.2-0.4 pg/kg) 
through the carotid catheter elicited bradycardia, expressed 


Since the 1943 classic study of Dripps and Dumke (1), 
several groups have investigated the impact of anes- 
thetic agents on respiratory control. Whereas earlier 
studies had revealed either a stimulating or an indif- 
ferent effect of anesthetics on peripheral chemorecep- 
tors (2,3), recent investigations have pointed toward 
an inhibition of the chemoreceptor reflex by anesthet- 
ics, thus interfering with the chemical control of 
respiration (4-6). It is less well documented that the 
chemoreceptor reflex is not only of importance in the 
control of respiration but also acts as a powerful 
cardiovascular reflex within the scope of overall he- 
modynamic homeostasis (7). It has been shown that 
halothane (6), enflurane (8), barbiturates (9), and 
even a-chloralose (9), which has been said to aug- 
ment or at least maintain reflex responses, impair the 
cardiovascular component of the chemoreceptor re- 
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as an increase in cardiac cycle length by 140% + 18%, and 
a 252% + 16% increase in mean ilicc arterial vascular 
resistance. These responses were markedly attenuated by 
fentanyl in a dose-dependent fashion: cardiac cycle length 
increased only by 50% + 7% (P < 0.01) with 4 ug/kg and 
by 19% + 6% (P < 0.01) with 8 puglkg of intravenous 
fentanyl. These changes were paralleled by significantly 
(P < 0.01) lesser increases in mean iliac arterial resistance 
(122% + 9% and 50% + 5%). It is concluded that fentanyl 


impairs the integrity of the carotid chemoreceptor reflex. 


Key Words: ANALGESICS, renramyit—carotid 
body reflex. RECEPTORS, cagmo—carotid body. 


flex. In comparison to the effects of volatile anesthet- 
ics and barbiturates, narcotic analgesics, in particular 
fentanyl, have fewer effects on the cardiovascular 
system, provided adequate alveolar gas exchange is 
maintained by assisted or cantrolled respiration. 
Moreover, narcotics are devoid of physiologically 
significant effects on baroreceptor reflex responses 
(10). However, the effects of narcotic analgesics on 
the integrity of the chemoreceptor reflex have not 
been documented. The objective of the present inves- 
tigation was therefore to examine the impact of 
fentanyl on responses elicited by carotid chemorecep- 
tor activation (CCRA) in permanently monitored 
dogs. The study was confined to observations on 
changes in cardiac rate and iliac vascular tone, be- 
cause it is well known that bradycardia and iliac 
vasoconstriction are prominent after CCRA (8,11). To 
eliminate not only the antagonistic effects of activa- 
tion of pulmonary inflation reflexes, but also the 
complicating influences of respiratory depression in- 
duced by fentanyl, experiments were also conducted 
with ventilation held constant (8-10). 


Methods 


With approval by the Institutional Animal Care Com- 
mittee, nine mongrel dogs of either sex weighing 
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between 17 and 28 kg were anesthetized with pento- 
barbital (25-30 mg/kg intravenously [IV]) and perma- 
nently implanted with instruments to enable re- 
peated hemodynamic measurements. Through a 
midline laparotomy electromagnetic flow transducers 
(Statham, Gould, Inc., Cleveland, Ohio) and hydrau- 
lic cuff occluders were implanted around the right 
common iliac artery and heparin-filled catheters (Ty- 
gon) were inserted in the descending aorta and—via 
a neck incision—in one of the main carotid arteries 
with the tip just proximal to the carotid sinus, ensur- 
ing that the carotid artery remained patent. The 
instrumentation procedure was associated with only 
small losses of blood and volume was a Fe with 
Ringer’s solution at a rate of 4-6 mL‘kg 

Hematocrit values were always within the normal 
range. All wires and catheters were run subcutane- 
ously and exteriorized between the scapulae. Al- 
though strict aseptic procedures were observed at all 
times, the dogs were given cefamandol (50 mg/kg 
intramuscularly [IM]) for 3 days postoperatively. 

Arterial blood pressure was measured with a strain 
gauge manometer (Statham P23 Db, Gould, Inc.) 
connected to the aortic catheter, and iliac blood flow 
was measured with an electromagnetic flow meter 
system (model SP 2202, Gould, Inc.). Occlusive zero 
flow was determined repeatedly throughout the ex- 
periments by inflating the hydraulic cuff occluder on 
the iliac artery. The electromagnetic flow probes were 
calibrated with timed collections of blood when the 
animals were killed. Arterial samples from the aortic 
catheter were collected and analyzed for pH and 
blood gas tensions (model 168 pH/Blood Gas Ana- 
lyzer, Corning Medical, Medfield, Mass.). 

The experiments were conducted 2-6 wk after 
surgery when the dogs had completely recovered 
from operation and had neither arrhythmias nor 
systemic infections. In the time between the opera- 
tion and the first experiment the catheters and cables 
were checked out at least twice and the conscious 
unsedated dogs were trained to lie on the table and 
were calmed by a person to whom they were accus- 
tomed. On the day of the experiment while the 
conscious, unsedated animals reclined quietly, con- 
tinuous records of arterial pressure, iliac flow, and 
heart rate were obtained. No experiment was started 
unless heart rate remained within a normal physio- 
logic range during the entire control period and other 
hemodynamic parameters including arterial pressure 
and iliac vascular resistance had achieved stable levels. 

Carotid chemoreceptor activation was produced 
by injection of 0.2-0.4 ug/kg nicotine into the carotid 
catheter, the amount depending on the individual 
sensitivity to nicotine in each dog. Activation was 
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Table 1. Experimental Protocol 
Spontaneous ventilation; no fentanyl (n = 3) 
Carotid chemoreceptor reflex activation (CCRA) produced by 
0.2-0.4 ug/kg nicotine into the carotid catheter 
No other intervention 
Controlled ventilation (succinylcholine infusion, 100 ugkg™* 
min™? IV); (n = 9) 
CCRA with 0.2-0.4 pg/kg nicotine into the carotid catheter 
Without fentanyl (n = 7) 
10 min after 4 pg/kg (n = 7) and 10 min after 8 pg/kg 
(n = 7) fentanyl IV 
Cholinergic blockade (0.15 mg/kg atropine IV) followed by 4 
or 8 ug/kg fentanyl IV, and then CCRA 20 and 40 min 


later, respectively (n = 5} 
Injection of physiologic NaCl solution instead of nicotine 
(n = 4) 
Injection of 10 ug nicotine after ipsilateral dissection of the 
carotid sinus nerve (n = 4) 


induced in the unanesthetized, spontaneously 
breathing dogs before and after slow bolus injection 
of fentanyl (4 and 8 pg/kg IV), at least 20-40 min 
apart. In all experiments, the same dose of nicotine 
was injected in the conscious and anesthetized states. 
Nicotine was dissolved in 0.9% NaCl; the total in- 
jected volume was 2 mL. Although larger dosages of 
fentanyl are required to produce anesthesia with 
fentanyl as the sole anesthetic in the dog (12), this 
dosage was selected as representative of the small 
amount of fentanyl that can be used in balanced 
anesthesia and because effects of this dosage of 
fentanyl on the cardiovascular response to CCRA 
were observed in pilot experiments. There was no 
evidence of acute tolerance to fentanyl which was 
only given when the uniformity of the reflex response 
was demonstrated by three consecutive injections of 
nicotine. 

As chemoreceptor activity normally fluctuates 
with respiration (13,14), the injections of nicotine 
were made at end expiration and repeated at least 
three times over the subsequent 30 min. Responses to 
CCRA were also compared in dogs before and after 
fentanyl (fable 1), but with respiration controlled to 
eliminate both the complicating influences of respira- 
tory depression and to avoid the antagonistic cardio- 
vascular effects induced by secondary stimulation of 
pulmonary inflation reflexes (11). To examine the 
effects of CCRA with ventilation controlled, succinyl- 
choline was infused at a rate of 100 ug-kg~*-min™? IV 
after an initial dose of 1 mg/kg IV. Ventilation was 
controlled by a respirator (Engstr6m model ER 300), 
using a mixture of O, and N, (Fio, = 0.3). Minute 
ventilation was adjusted to maintain arterial pH 
within the normal range of unanesthetized animals. 
Arterial Po. was maintained at levels around 100 mm 
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Table 2. Arterial Blood Gas Tensions 





Po, Pco, 
(mm Hg) (mm Hg) pH 

Without fentanyl 104.3 33.3 7.41 
+10.0 og r +0.02 
Fentanyl (4 ug/kg IV) 106.6 32:9 7.39 
+5.8 +17 +0.02 
Fentanyl (8 ug/kg IV) 99.8 36.9 7.36 
+4.5 +3.0 +0.03 





Values are mean + SEM. 

Arterial blood gas tensions were measured in conscious, ventilated, and 
paralyzed dogs (without fentanyl) and 10 min after both 4 ug/kg fentanyl 
and 8 ug/kg fentanyl IV before the respective CCRA. 


Hg and arterial Pco, at levels below 40 mm Hg (Table 
2) to ensure that the chemoreceptors were stimulated 
only minimally before injection of nicotine. 

To eliminate stress associated with tracheal intu- 
bation, (a) an ultrashort-acting barbiturate was given 
to the dogs before intubation (thiamylal, 4 mg/kg IV); 
(b) 2 mL of a 2% solution of lidocaine was injected 
into the trachea through the cricothyroid membrane, 
and (c) the tracheal tubes were coated with a 2% 
lidocaine ointment. The responses to carotid 
chemoreceptor reflex stimulation were not tested for 
30-60 min after thiamylal was given to exclude most 
residual effects of this anesthetic. Care was taken not 
to perform any intervention that would stress the 
relaxed but conscious animals. In this connection it 
should be mentioned that the dogs were accustomed 
to the laboratory personnel as well as to their reclin- 
ing position. Tachycardia, a prominent feature of the 
canine response to discomfort, was not observed in 
the present study. This method has also been used 
previously in conscious rabbits (15,16) and dogs (8- 
10). 

There is a possibility, however remote, that previ- 
ous carotid chemoreceptor reflex stimulation by in- 
jection of nicotine into the carotid catheter may also 
have been associated with a reflex response induced 
by the injection of volume into the carotid catheter or 
by systemic actions of nicotine itself. However, the 
injection of neither 2 mL of physiologic NaCl nor 
nicotine (10 ug) after ipsilateral section of the carotid 
sinus nerve caused any cardiovascular changes. To 
eliminate possible confounding influences of simul- 
taneous changes in baseline vascular resistance in- 
duced by fentanyl, the responses to CCRA were 
finally investigated during cholinergic blockade with 
atropine (0.15 mg/kg IV), with the completeness of 
the blockade being tested with acetylcholine (40 ug/ 
kg IV). 

The data were collected on a multichannel mag- 
netic tape recorder (Analog 7, Philips Electronic In- 
struments, Inc., Mahwah, N.J.) and recorded on a 
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direct writing oscillograph (model R 612, Beckman 
Instruments, Inc., Fullerton, Calif.). Mean iliac blood 
flow and mean arterial pressure were measured using 
electronic resistance-capacitance filters with 2-s time 
constants. Mean iliac resistance was calculated as the 
quotient of mean arterial pressure and mean iliac 
blood flow. For the purpose of illustration, mean iliac 
resistance was computed using operational amplifiers 
configured for a divider circuit. Data for mean iliac 
blood flow and mean arterial pressure were averaged 
at the point of the peak increase in mean arterial 
pressure after CCRA. The bradycardia was evaluated 
at a higher paper speed comparing the pulse interval 
for the first beat after carotid chemoreceptor reflex 
stimulation with the average of eight control beats 
before stimulation. In that the first beat after carotid 
chemoreceptor reflex stimulation occurred before the 
increase in arterial pressure, complicating influences 
of arterial baroreceptor-mediated bradycardia were 
avoided. 

Average values + sEM are reported throughout. 
Responses to CCRA were compared with control 
using Student’s t-test for paired comparisons, and 
baseline values and responses to CCRA after fentanyl 
were compared with the unanesthetized values using 
analysis of variance. 


Results 
Experiments with Spontaneous Ventilation (n = 3) 


Carotid chemoreceptor activation resulted in a mixed 
biphasic cardiovascular/pulmonary reflex response, 
i.e., the chemoreceptor and the pulmonary inflation 
reflex. Whereas the former was characterized by 
bradycardia, increases in arterial pressure, and iliac 
resistance, a later phase after the augmented respira- 
tory drive induced by CCRA consisted of tachycardia 
and a decrease in iliac arterial vascular resistance 
(Figure 1). These responses were attenuated by fen- 
tanyl, i.e., iliac arterial vascular resistance and heart 
rate increased only trivially when compared with the 
responses in the unanesthetized states. However, 
owing to the antagonistic effect of the pulmonary 
inflation reflex and the complicating influences of the 
respiratory depression induced by fentanyl, the re- 
mainder of the data is from experiments in which 
ventilation was controlled. 


Experiments with Controlled Ventilation 


Cardiac cycle length increased 8% + 6% (mean + 
SEM) after 4 ug/kg and 27% + 13% after 8 ug/kg 
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Figure 1. Cardiovascular responses to nicotine-induced CCRA in 
an animal with spontaneous respiration. Carotid chemoreceptor 
activation induced a biphasic reflex response. The first phase 
included an increase in arterial pressure and decreases in heart rate 
and phasic and mean iliac flow. The second phase, the result of 
pulmonary stretch receptor stimulation. entails a decrease in 
arterial pressure and ircreases in iliac flow and heart rate. 


fentanyl; mean iliac arterial resistance increased 
21% + 9% and 56% + 42% in the absence of CCRA 
(Table 3). 

In measuring the effects of fentanyl on responses 
to CCRA, the cardiac cycle length of the first beat 
after CCRA was compared with an average of eight 
control cycle lengths before CCRA. In animals given 
fentanyl, CCRA increased cardiac cycle length by 
50% + 7% after 4 ug/kg and 19% + 6% after 8 ug/kg 
fentanyl; iliac arterial vascular resistance increased 
122% + 9% and 50% + 5%, respectively. Thus, 
responses to CCRA were attenuated by fentanyl in a 
dose-dependent fashion at a time when pH and arte- 
rial blood gas tensions remained constant (Figure 2). 

After cholinergic blockade with atropine (0.15 mg/ 
kg), heart rate failed to change significantly with 
either fentanyl or CCRA; iliac arterial vascular resis- 
tance did not increase with fentanyl in the absence of 
CCRA. When CCRA was performed after 4 and 8 
ug/kg fentanyl, iliac arterial vascular resistance 
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Table 3. Effects of Fentanyl on Responses to Carotid 
Chemoreceptor Activation 


ee 


Cardiac cycle length Mean arterial pressure 


(ms) (mm Hg) 
Change with Change with 
Control’ CCRA (%) Control? CCRA (%) 

ee ee ee ee ee ee 
Without fentanyl 701 140 104 55 
+22 +18 £2 +8 
Fentanyl 756 50 106 35 
(4 mg/kg IV) £23" ty +4 E5 
Fentany!l 887 19 112 25 
(8 ug/kg IV) +46” +6° oat t5 


Mean iliac vascular 
resistance 
(mm Hg'mL min` ') 


Mean iliac arterial flow 
(ml/min) 


Change with Change with 


Control? CCRA (%) Control? CCRA (%) 
Without fentanyl 115 =55 0.91 252 
+8 ES +0.07 +16 
Fentanyl 100 S 1.10 122 
(4 pg/kg IV) +8? +4° +0.08” +9° 
Fentanyl 79 —16 1.42 50 
(8 ug/kg IV) +g? £F 0.19? +5 


L aaalllt 


CCRA, carotid chemoreceptor activation. 

Values are mean + SEM. 

“Control represents the values before CCRA. 

"Control values significantly different: P < 0.05. 

“Change with CCRA significantly different from responses in the ab- 
sence of fentanyl: P < 0.05. 


(Figure 3) was again attenuated in a dose-dependent 
manner. 


Discussion 


Fentanyl, like morphine, exerts no direct depressant 
effect on cardiac or vascular smooth muscle in con- 
centrations that are associated with analgesic dos- 
ages (17,18). In healthy individuals, hemodynamic 
changes after even large doses of fentanyl are slight. 
However, even in the presence of unchanged base- 
line hemodynamics both neural (19) and humoral (20) 
cardiovascular control mechanisms may be disturbed 
or even inactivated by various anesthetics. Carotid 
chemoreceptor activation increases respiratory drive 
and elicits a complex cardiovascular response medi- 
ated by cholinergic and a-adrenergic mechanisms 
including bradycardia, in our study expressed as an 
increase in cardiac cycle length, a decrease in coro- 
nary vascular resistance (21), and systemic vascular 
constriction with an increase in arterial pressure. 
Whereas earlier studies of the effects of anesthetics 
on peripheral chemoreceptors dealt primarily with 
the respiratory aspects of the chemoreceptor reflex 
(1,4,5), our study focused on the cardiovascular ef- 
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tects, as possible interactions with the ventilatory 
responses are of lesser importance considering the 
employment of controlled ventilation during general 
anesthesia. The pronounced attenuation by fentanyl 
of responses of both the peripheral vasculature and 
heart rate associated with nicotine-induced CCRA 
indicates that fentanyl interferes with the chemore- 
ceptor control of the cardiovascular system. These 
results are in accordance both with those of Zelis et 
al. (22), who also demonstrated an attenuated arterial 
constriction after CO, challenge under morphine, 
and with our own previously reported data (10). It is 
important to note that the pharmacologic stimulation 
with nicoiine did not elicit responses within the 
central nervous system, inasmuch as no systemic 
effects were observed after the injection of nicotine 
and ipsilateral carotid sinus nerve section. Moreover, 
nicotine is only effective on chemoreceptor and not 
on baroreceptor efferents (23). 

As chemoreceptor stimulation increases respira- 
tory drive causing secondary stimulation of pulmo- 
nary inflation reflexes (11,21), and also because of the 
well-known respiratory depressant effects of narcotic 
analgesics, effects of fentanyl on the carotid chemore- 
ceptor reflex were compared in this investigation in 
the anesthetized state with effects obtained on the 


same day in unanesthetized cogs with ventilation 
controlled. 

In the present investigation, onlv the responses of 
the iliac bed and cardiac rate to CCRA were exam- 
ined. These were selected, as they represent the most 
dramatic responses to chemcreceptor stimulation 
(11). It is also important to note that the bradycardia 
was examined for only the first beat after chemore- 
ceptor stimulation as later bea-s could well be con- 
taminated by bradycardia med:ated through barore- 
ceptor reflexes, because arterial pressure increased 
after CCRA. In contrast, arterial pressure either re- 
mained constant or decreased a: the time of the initial 
cardiac rate response to CCRA. It is recognized that 
the effects of CCRA on iliac arterial vascular resis- 
tance could be modulated by arterial baroreceptor 
reflexes. However, the arterial baroreceptors would 
tend to diminish the iliac vasoconstriction most in 
unanesthetized dogs, but in these dogs the increase 
in arterial pressure was actually more pronounced. 
Thus, differences in responses -o CCRA in conscious 
and anesthetized dogs may have even been underes- 
timated in this investigation. Likewise, a direct effect 
of fentanyl on the arterial baroreceptors is unlikely as 
fentanyl decreases the afferent receptor drive and 
thus acts to stabilize the arteriz] pressure (23). 
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Figure 3. Changes in mean iliac resistance with fentanyl and 
CCRA after atropine (0.15 mg/kg IV). After cholinergic blockade, 
fentanyl did not significantly alter baseline values of mean iliac 
resistance before CCRA (left) although the increase in mean iliac 
resistance after CCRA was still significantly smaller with fentanyl 
(8 g/kg IV) when compared with the response in the unanesthe- 
tized state (right). 


C] CONTROL 


Finally, the possibility must be considered that 
fentanyl-induced bradycardia is associated with a 
decrease in cardiac output that might initiate second- 
arily peripheral vasoconstriction. It could therefore be 
that the failure of iliac arterial resistance to increase 
with CCRA after the administration of fentanyl could 
be due, at least in part, to an increase in baseline 
resistance associated with the administration of fen- 
tanyl. For this reason, experiments were repeated on 
a separate experimental day after cholinergic block- 
ade with atropine. After cholinergic blockade heart 
rate failed to change significantly with either fentanyl 
or CCRA. However, as iliac resistance did not in- 
crease after fentanyl, the responses to CCRA were 
considerably depressed. Thus, at least as far as an 
adrenergic reflex is concerned, the attenuated reflex 
responsiveness cannot be explained on the basis of 
different baseline levels. 

It should also be emphasized that the impairment 
of the cardiovascular responses to CCRA with fenta- 
nyl were obtained with dosages of fentanyl that do 
not produce anesthesia in the dog (12). Therefore, if 
the amount of fentanyl employed were equianes- 
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thetic to that in humans, the responses to CCRA 
might be even more depressed than in humans. 

One of the limitations in interpretation of our 
results involves possible species differences of cardio- 
vascular control principles, including chemoreceptor 
reflexes. For example, after baroreceptor inactivation 
control of heart rate is exclusively regulated by the 
parasympathetic nervous system in the dog but is 
subject to a mixed vagal-sympathetic influence in 
humans (24). Another limitation is that cardiovascu- 
lar diseases might alter reflex excitability (25). In 
extrapolating our results to the anesthetic care of 
patients one should bear in mind that the peripheral 
chemoreceptors are especially important in patients 
with emphysema or other conditions associated with 
abnormal gas exchange (26) and that, perhaps, fen- 
tanyl, by inhibiting the cardiovascular responses to a 
hypoxic challenge, might mask clinical signs associ- 
ated with hypoxemia (27). 

In summary, nicotine-induced CCRA resulted in 
bradycardia and marked increases in iliac vascular 
resistance in unanesthetized dogs. Both the periph- 
eral vascular and heart rate responses to CCRA were 
strikingly depressed by fentanyl. Thus, in addition to 
respiratory depression, fentanyl interferes with the 
chemoreceptor reflex control of the cardiovascular 
system. 
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Preoperative Anxiety: Is It a Predictable Entity? 


Alice D. Domar, php, Laura L. Everett, RN, and Myra G. Keller, RN 


DOMAR AD, EVERETT LL, KELLER MG. Preoperative 
anxiety: is it a predictable entity? Anesth Analg 
1989;69:763-7. 


Most surgical and anesthesia personnel assume that certain 
factors lead to increased preoperative anxiety, yet the pre- 
dictability of preoperative anxiety has not been extenstvely 
studied. We hypothesized that surgical and anesthesia per- 
sonnel could be more effective in reducing preoperative 
anxiety if potential predictors of presurgical anxiety were 
identified. A sample of 523 patients awaiting elective surgery 
completed an anxtety scale, had their blood pressure and 
pulse measured, and had 14 different characteristics re- 


Most health care professionals are aware that patients 
experience differing levels of anxiety before invasive 
medical and surgical procedures. When observing 
patients anticipating identical surgical procedures, it 
is not unusual to see these individuals demonstrating 
wide variations in anxiety. The predictability of pre- 
operative anxiety has not been extensively studied, 
yet most medical personnel believe that certain pa- 
tient characteristics serve as red flags. For example, it 
is widely assumed that patients awaiting cancer sur- 
gery are more anxious than patients awaiting a sim- 
ilar procedure for a benign condition. It is also as- 
sumed that patients who have had previous surgical 
experience would be less anxious than patients await- 
ing their first surgery, as familiarity often reduces 
anxiety. 

Individuals who have contact with patients before 
surgery, i.e., anesthesiologists, anesthetists, sur- 
geons, and nurses, could be more effective in han- 
dling patients’ preoperative anxiety if they had 
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corded. These characteristics included demographics, possi- 
bility of cancer, presence of support person, previous surgical 
experience, and extent of surgery. Female patients were more 
anxious than male patients, and individuals accompanied by 
a support person were more anxious than those not accom- 
panied. However, all other factcrs were noncontributory to 
anxiety. It appears that patient anxiety does not reflect the 
assumptions of surgical and anesthesia personnel. This 
suggests that preoperative anxiety may reflect a patient's 
personality and coping style more than medical data. 


Key Words: PSYCHOLOGIC RESPONSES, 
ANXIETY. 


knowledge about potential predictors of presurgical 
anxiety. If one could identify “high risk” patients 
before these patients actually exhibit increased levels 
of anxiety, perhaps steps could be taken to prophy- 
lactically reduce that anxiety, either through pharma- 
cologic, behavioral, or supportive means. 

Despite numerous articles in the anesthesia, sur- 
gical, and nursing literature that discuss the identifi- 
cation and treatment of preoperative anxiety, there 
have been few investigations into the prediction of 
this anxiety. Although some interventional studies 
report differing levels of anxiety among different 
groups of patients, these reports are often anecdotal 
or not investigated at length. However, there is 
evidence that some factors can predispose patients 
to higher levels of preoperative anxiety (1). For ex- 
ample, patients scheduled to have mutilating or 
symbolically castrating surgery such as mastectomy, 
hysterectomy, or amputations were found to be sig- 
nificantly more anxious than patients having less 
emotionally troubling operations (2). In another 
study, patients having surgery for a malignancy were 
more anxious than other patients having similar 
operative procedures (3). In their study of abdominal 
surgery patients, Chapman and Cox (3) found that 
patients undergoing renal donor surgery were signif- 
icantly less anxious preoperatively than kidney recip- 
ients or patients undergoing other kinds of abdomi- 
nal surgery. 
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Several studies have also shown that female pa- 
tients report significantly more anxiety than male 
(2,4,5). However, one has to take into account that 
these studies typically compare women undergoing 
gynecologic surgery with men undergoing abdominal 
surgery. It is possible that the meaning of the surgery 
may have affected anxiety ratings rather than just sex 
alone. Furthermore, the sex differences may simply 
reflect willingness to admit anxiety as these studies 
use self-report measures of psychologic states. There 
is also evidence that age may have an effect on 
preoperative anxiety; in a study of surgical patients, 
age was negatively correlated with state anxiety. 
Younger patients indicated significantly more situa- 
tional anxiety than did older patients (6). However, it 
is likely that older patients would have had more 
experience with surgical procedures than the 
younger patients. In the same study, education was 
also negatively correlated with state anxiety. Patients 
with less education reported significantly more situ- 
ational anxiety than patients with greater educational 
levels. 

Thus, there is evidence that mutilating or cancer- 
related surgery can lead to increased anxiety levels. 
There is also evidence that female patients may be 
more anxious than male patients, and that patients 
with less education are more anxious than more 
highly educated patients. However, there are many 
more patient characteristics that are known before 
surgery which might serve as predictors of preoper- 
ative anxiety. In this article we will describe a re- 
search project aimed at identifying other patient 
characteristics that may serve to warn health care 
professionals about the potential for increased pre- 
operative anxiety. 


Methods 


A total of 523 patients were included in the subject 
pool. The study was approved by the Committee on 
Clinical Investigations, Beth Israel Hospital-Harvard 
Medical School. All patients who were admitted to the 
Beth Israel Hospital Ambulatory Surgery Division be- 
tween April 15 and October 1, 1986 were eligible for 
the study. At Beth Israel, all elective surgery patients 
who do not need an extensive preoperative workup 
are admitted on the morning of surgery. The majority 
of patients come to the hospital ~48 h before surgery 
for a preoperative visit which includes laboratory 
testing and visits with an anesthesiologist and an 
ambulatory surgery nurse. Some patients who are to 
have local anesthesia for ophthalmologic procedures 
are not required to have a preoperative visit. Patients 
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who undergo minor surgical procedures are dis- 
charged on the same day (surgical day care). Patients 
who are having major surgery go from the recovery 
room to their hospital room (same day admit). Thus, 
the subject pool included patients having minor pro- 
cedures, such as a dilatation and curettage (D&C), and 
major surgery, such as cholecystectomy. However, 
the subject pool did not include patients awaiting 
more life-threatening procedures such as open-heart 
surgery patients. These patients are admitted through 
a different process the day before surgery. All patients 
were instructed that they were free to not participate 
in the study. Approximately 5% of the patients chose 
not to enter the study. 

Characteristics that might potentially affect anxiety 
were chosen based on the literature and on extensive 
interviews with surgical and anesthesia staff mem- 
bers at Beth Israel Hospital. The following character- 
istics were chosen: age, sex, religion, nationality, 
occupation, education, type of surgical procedure 
planned, whether the surgery was cancer-related or 
not, presence of a support person preoperatively, 
whether the patient had come in for a preoperative 
visit, whether the patient had the same procedure 
previously, whether the patient ever had surgery 
before, and whether the patient was a surgical day- 
care patient or was going to be admitted to the 
hospital after surgery. The ASA status was not noted, 
nor was postoperative outcome available, owing to 
the necessity of numerical coding to ensure confiden- 
tiality. 

After patients registered at the registration desk 
in the ambulatory surgery wing, they were given a 
letter of explanation of the study and a copy of the 
Spielberger State-Trait Anxiety Inventory (STAI) (7), 
which they completed while in the waiting room. 
This inventory is a 40-item, self-report, standardized 
tool for assessing both acute and chronic levels of 
anxiety. They were also asked to give their age, sex, 
occupation, highest level of education, and national- 
ity. When they entered the preoperative preparation 
area, their primary nurse noted the other potential 
characteristics listed above, and measured their 
pulse rate and blood pressure. All patients were 
assessed before receiving standard preoperative med- 
ications. 

The Spielberger STAI was scored using raw scores 
by an individual who was blind to all patient charac- 
teristics. All data analyses were performed on the 
PROPHET system, a national computer resource 
sponsored by the Division of Research Resources, 
National Institutes of Health, via a terminal at the 
Beth Israel Hospital. The data analyses were checked 
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PREDICTABILITY OF PREOPERATIVE ANXIETY 


Table 1. Patient Characteristics 


Age: x = 39.7 yr 
Years of education: x = 15.2 
Sex: 81% female 
Procedures 
57% gynecology 
17% general surgery 
9% urology 
7% plastic surgery 
6% orthopedic surgery 
4% ear-nose-and-throat, dental, and ophthalmologic 


Cancer related: 22% 

Support person present: 60% 

Had preoperative visit: 92% 

Had same procedure previously: 23% 

Had prior surgery: 85% 

Surgical day care: 63% 

State anxiety: x = 45 

Preoperative pulse: X = 76 beats/min 

Preoperative systolic blood pressure: X = 113 mm Hg 
Preoperative diastolic blood pressure: x = 71 mm Hg 


X = mean. 


twice by two individuals who had no vested interest 
in the study. 


Results 


The patient characteristics are reported in Table 1. 
There were several unexpected results. The mean 
blood pressure and pulse were lower than expected 
for a group of patients immediately before surgery; 
the mean systolic was 113 mm Hg and the mean 
diastolic was 71 mm Hg. The majority of patients 
were women (81%) and the most common surgical 
procedures by far were gynecologic (57%). Three- 
fifths of the patients had a support person present 
and 92% of the patients had come in for a preopera- 
tive visit. Eighty-five percent of the patients had had 
previous surgery, a high percentage considering the 
low mean age of 39.7 yr. 

Multiple regressions were run using all patient 
characteristics to predict each of the dependent vari- 
ables: anxiety score, pulse rate, and blood pressure. 
All significance levels reported reflect multiple re- 
gression analyses. All r values are partial correlations 
and reflect the correlation controlling for the other 
significant independent variables. 

The nationality characteristic had to be dropped 
from the analyses as many patients left this item 
blank or else misunderstood the question and sup- 
plied race instead. Religion was also eliminated be- 
cause most patients chose not to indicate their 
religious preference. State and trait anxiety were 
moderately correlated (r = 0.37, P = 0.0001) so the 
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analysis was performed only on state anxiety as 
this is presumably a better reflection of current 
anxiety. 


Efficacy of Predictor Characteristics 


State anxiety. The multiple regression analysis 
showed that women had significantly higher anxiety 
scores than men (r = 0.17, P = 0.003). Patients who 
had a support person present preoperatively had 
significantly higher anxiety scores than patients who 
were alone (r = 0.16, P = 0.006). There was a trend 
for patients with higher educational levels to be more 
anxious than patients with less education (r = 0.11, 
P = 0.066) although this difference was not statisti- 
cally significant. Patients with cancer had anxiety 
scores equivalent to those patients having other types 
of surgery. Patients who came for a preoperative visit 
had anxiety scores equivalent to those of patients 
who did not come in for such a visit, although it 
should be noted that most patients who did not have 
a preoperative visit were those undergoing ophthal- 
mologic procedures under local anesthesia. Patients 
having minor surgery (surgical day care) had equiv- 
alent anxiety scores to patients having major surgery 
(same day admit). Patients who had had the same 
procedure previously had scores equivalent to those 
of patients who had not. Patients who had had prior 
surgery had equivalent anxiety scores to patients who 
had never had surgery. Anxiety did not correlate 
with the type of surgical procedure; there were no 
significant differences between any kinds of surgical 
patients. Age did not correlate with state anxiety, nor 
did occupation. Thus, having a preoperative visit, 
having cancer surgery, having major surgery, and 
having previous experience with surgery had no 
effect on preoperative state anxiety. 


Pulse rate. State anxiety significantly correlated 
with pulse rate (r = 0.20, P < 0.001). Cancer patients 
had significantly lower heart rates than noncancer 
patients (r = 0.12, P = 0.048). Patients with high 
educational levels had significantly lower heart rates 
than patients with lower educational levels (r = 0.14, 
P = 0.009). All other predictors of heart rate were not 


Significant. 


Blood pressure. Older patients had significantly 
higher systolic and diastolic blood pressures than 
younger patients (r = 0.39, P < 0.0001). Men had 
significantly higher blood pressure than women (r = 
0.23, P < 0.0001 for systolic; r = 0.16, P < 0.038 for 
diastolic). There was a slight trend for patients who 
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had prior surgery to have higher blood pressures 
than patients who had never had surgery (r = 0.06, 
P < 0.05 for systolic; r = 0.06, P < 0.102 for diastolic). 
State anxiety did not correlate with either diastolic or 
systolic blood pressure. 


Discussion 


Female patients reported significantly more preoper- 
ative anxiety than male patients. As the multiple 
regression analyses controlled for other possible ex- 
planatory variables, this difference appears to reflect 
gender differences. These results are consistent with 
the literature. It should be noted, however, that the 
anxiety scores reflect self-reported anxiety levels. 
Female patients may be more likely than male pa- 
tients to admit or to report heightened levels of 
anxiety so that these differences may reflect reporting 
differences, rather than differences in innate levels of 
anxiety. Patients who were accompanied by a friend 
or relative to the preoperative area had significantly 
higher anxiety levels than patients who were alone. 
This finding may be explained in two ways. It could 
be interpreted at face value; the presence of a support 
person during the preoperative period leads to in- 
creased anxiety. This could be caused by forcing the 
patient to talk with the accompanying person, rather 
than engaging in distractions such as reading. The 
alternative and more plausible explanation is that 
patients who are highly anxious about an upcoming 
surgical procedure may be more likely to ask a friend 
or relative to accompany them. Thus, although their 
anxiety levels are higher than patients who are alone, 
the levels may actually be lower than if those patients 
were induced to go unaccompanied. It is important 
that surgical personnel should not interpret these 
data to indicate that all friends or relatives should be 
banned from the preoperative area as it is unclear 
whether or not they contribute to or lessen anxiety 
levels. However, the presence of a support person in 
the preoperative period could serve as a warning that 
the patient is likely to have increased anxiety levels. It 
is important to note that despite the presence of 
statistical significance of both variables, sex and pres- 
ence of support person, the r values are relatively 
small (0.17 and 0.16, respectively). Thus, these cor- 
relations, although statistically significant, contribute 
only a modest amount to the variance. 

In this study, there was a trend for patients with 
higher educational levels to express more anxiety 
than patients with less education. This contradicts 
the study by Wells et al. (6) which found the oppo- 
site. As. both studies used the same anxiety scale 
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(Spielberger STAI), the results are rather puzzling. A 
possible explanation may be that Boston is a more 
medically oriented city; a significant percentage of 
our patient population is involved in the medical 
profession. More highly educated individuals ex- 
posed to the media in Boston may be more aware of 
the risks of surgery and general anesthesia. An 
alternative explanation is that more educated individ- 
uals may be more expressive on self-report assess- 
ments of anxiety. 

The remainder of the anxiety score results did not 
support the hypotheses of the surgical and anesthesia 
staff, nor for the most part did they support the 
results of other research projects. One of the most 
unexpected results was that cance- patients did not 
have higher anxiety levels than noncancer patients. 
This contradicts previous research (3). It had also 
been anticipated that gynecologic patients would 
have higher anxiety levels than patients having other 
surgical procedures, and that patients having major 
surgery would be more anxious than patients having 
minor surgery. Some of these results support the 
recent work of M. Johnston (personal communica- 
tion, Royal Free Hospital School of Medicine, Lon- 
don, U.K.). In her study of patients undergoing 
gynecologic surgery, Johnston found that patients’ 
preoperative worries did not focus as much on the 
surgery as on the impact on the family and the 
outcome of the surgery. Thus, precperative concerns 
did not focus on the surgical procedure itself. This 
explanation may account for the lack of differences 
between different groups of patienzs as we looked at 
anxiety in general rather than as it might relate to 
specific aspects of the experience. Another possible 
explanation is that we were not spacific enough. For 
example, in a project that compared anxiety in pa- 
tients undergoing laparoscopy for either sterilization 
or infertility investigation, there were significant dif- 
ferences in preoperative state anxiety between the 
two groups (8). Although medical personnel focus on 
the medical aspects of a surgical experience, patients 
may have very different concerns. 

Although heart rate significantly correlated with 
state anxiety, which was anticipated, the only signif- 
icant correlations with predictor variables were con- 
tradictory to state anxiety correlations. Patients with 
higher educational levels had significantly lower 
heart rates, despite a trend to report higher anxiety 
scores. Cancer patients had significantly lower heart 
rates than noncancer patients, although it had been 
hypothesized that cancer patients would be more 
anxious than noncancer patients. It is possible that 
cancer patients may receive more preoperative sup- 
port and reassurance than noncancer patients. It is 
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also possible that cancer patients practice more de- 
nial. 

Blood pressure correlations reflected nationally 
accepted variations rather than influences of predic- 
tor variables: older patients had higher pressures 
than younger patients and men had higher pressures 
than women, as anticipated. There was a trend for 
patients who had prior surgery to have higher blood 
pressures than patients who never had surgery. 
However, in a population of 523 patients, P values of 
0.05 (systolic) to 0.102 (diastolic) are usually not 
clinically significant. 

It had been anticipated that there would be a 
number of patient characteristics that could be uti- 
lized in a preoperative setting to predict patient 
anxiety. The aim of this study was to alert surgical 
and anesthesia staff members to patients who were 
likely to be highly anxious before surgery so that 
steps could be taken before that point in time to 
decrease anxiety. This study has shown that female 
patients do express more anxiety before surgery than 
male patients and that the presence of a supportive 
person in the preoperative area can serve as a warn- 
ing of heightened anxiety levels. 

However, the most important information pre- 
sented here is that patient anxiety does not reflect the 
assumptions of medical personnel. It would seem 
obvious, for example, that a patient facing major 
surgery would be more anxious than a patient facing 
minor surgery but this is apparently not the case. It is 
likely that medical staff are more sympathetic to 
patients facing major surgery; it is equally likely that 
one may become annoyed at a patient experiencing 
extreme anxiety before minor surgery. The assump- 
tions that medical professionals themselves represent 
concerning factors contributing to anxiety have not 
been supported. However, this study was limited by 
the utilization of self-report measures. These levels 
may not actually reflect true anxiety levels, but rather 
the willingness to express anxiety. The potential 
limitations of the study include the use of a self- 
report measure of anxiety and the exclusion of pa- 
tients admitted the day before surgery. Future re- 
search might include more projective tests of anxiety 
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as well as a population facing life-threatening sur- 
gery. 

Most individuals who deal with surgical patients 
have preconceived notions about factors that predis- 
pose patients to be highly anxious. This project 
investigated 11 of these factors and found all but twe 
noncontributory. Thus, the main conclusion of this 
project is that preoperative anxiety may reflect more 
of a patient’s personality and coping style, rather 
than the concrete facts presented in a patient’s med- 
ical chart. Surgical and anesthesia personnel could be 
more prepared to help reduce preoperative anxiety if 
an individual approach is used, rather than relying 
on preconceived assumptions. 
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Longitudinal insertion of a lumbar puncture needle bevel is 
less likely to cause post-lumbar puncture headache than is 
transverse insertion. The reason for this has not been entirely 
clear. We investigated the direction of dural fibers in poste- 
rior L3-4 dura mater obtained from three autopsies and 
tallied it in three orthogonal planes. Under low-power light 
microscopy the tissue appeared to be composed of lamellae 


branching irregularly and directed concentrically to the 
spinal cord. Electron micrographs (5000) revealed that the 
lamellae consisted mainly of bundles of collagen fibers that 
pursued wavy courses in various directions. The lamellae 
also contained branching elastic fibers, many of which were 
directed longitudinally. This arrangement of fibers probably 
minimizes the tendency of a dural puncture hole to gape 
under tension if the needle bevel is directed longitudinally. 


Key Words: ANATOMY, DURA MATER. 
ANESTHETIC TECHNIQUES, spina. 
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The incidence of post-spinal puncture headache is 
markedly reduced by the use of small-bore needles 
for lumbar puncture (1). Franksson and Gordh (2) 
showed that small-bore needles decreased the num- 
ber of dural fibers broken by the needle point and 
thus diminished the leak of cerebrospinal fluid (CSF) 
through the puncture. They noted that fewer fibers 
were broken when the plane of the bevel was longi- 
tudinal during introduction than when it was trans- 
verse. However, this observation was necessarily 
made on excised dura mater; such dura mater is not 
subject to the longitudinal stresses and circumferen- 
tial (or “hoop”) stresses imposed on the sac of dura 
mater by the CSF in vivo. In the microphotographs of 
Franksson and Gordh (2), the longitudinal perfora- 
tions were lenticular and the transverse ones nearly 
circular, but measurement now reveals that the cross- 
sectional areas were virtually identical and suggests 
that the shape of the hole may also be a factor in the 
incidence of headache (3). More recently, observers 
of the spinal dura mater by scanning electron micro- 
scopy have classified it as a loose connective tissue 
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(4), but the arrangement of the collagen and elastic 
fibers in this tissue remains undescribed. At present, 
headache after lumbar puncture is uncommon except 
in parturient women (5), but some aspects of its 
occurrence are still not yet fully understood. For 
example, the reasons for its relatively high incidence 
in middle-aged and lower incidence in older and 
younger patients are uncertain (5,6). This article 
contributes an analysis of the fibrous structure of 
lumbar dura mater and discusses the implications of 
the findings in understanding the factors involved in 
post-lumbar puncture headache. 


Methods 
Light Microscopy 


The specimen consisted of an L-3 nerve root cuff and 
attached anterior and posterior dura mater from a 
man of 43 yr who died of acute respiratory distress 
syndrome. It was removed by one of the investigators 
(Dr. Fink) at autopsy, fixed in formalin, dehydrated, 
and embedded in paraffin. Sections 5 um thick were 
cut in three orthogonal planes (transverse, radial 
longitudinal, and tangential longitudinal, as in the 
insets of Figure 2) and stained with hematoxylin and 
eosin or by van Gieson’s method (which stains colla- 
gen red, cytoplasm yellow, and nuclei black). Micro- 
photographs (Figure 1) were calibrated with a 20-um 
grating. 
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DURAL FIBER ORIENTATION 


Electron Microscopy 


A piece of posterior L3-4 dura mater shaped to 
indicate its orientation was removed by the investi- 
gator at autopsies on two adults aged 74 and 43 yr 
who had died of cardiovascular and respiratory dis- 
ease and a 14-yr-old youth who died of a pineal 
tumor. The specimens were fixed in Zamboni’s para- 
formaldehyde-picric acid, stained with uranyl acetate 
and lead citrate, and embedded in Epon. Sections 
were cut in the transverse, radial longitudinal, and 
tangential longitudinal planes (“tangential” here re- 
fers to a grazing plane, as distinguished from the 
meaning used by Hatfalvi [7] for a longitudinal bevel 
inserted in the midline and directed laterally at an 
angle of 30-40° to puncture the dura mater) and 
mounted on electron microscopic (EM) grids. An 
assistant photographed an entire, randomly selected 
EM grid square (~0.088 x 0.088 mm) at x2000, 
prepared and assembled enlarged prints (to <5000) in 
a montage, placed and oriented a square lattice on the 
montage, and marked the lattice position but con- 
cealed the orientation. The naive investigator scored 
the direction of the collagen fibers in 121 evenly 
spaced 6mm squares of the 25 x 25-cm lattice, 
sampling a total of ~7% of the area enclosed. The 
dominant direction of the dural collagen fibers in 
each of the 6-mm squares was scored (see Table 1, top 
half) according to whether it was predominantly 
vertical (V), horizontal (H), or anteroposterior (AP) 
relative to the top and bottom of the square. Also 
listed in the top half of Table 1 are empty squares (O), 
interpreted as having been occupied by the amor- 
phous ground substance of the matrix (the extracel- 
lular matrix is the major part of connective tissue and 
is composed of fibers embedded in ground sub- 
stance). Not listed are the elastic fibers, which made 
up the balance of the 726 squares (two sections per 
plane per specimen, three specimens) surveyed in 
each of the orthogonal planes. 

Because of their great width, small number, and 
straight courses (8), the elastic fibers were surveyed 
and scored separately in the whole of a 25 x 25-cm 
grid graduated in 0.8 cm covering 88% of the region 
surveyed for collagen. Each quarter of each 0.8-cm 
square was scored, for a total of 1600 quarter-squares 
per section, or a total of 9600 in the six sections in 
each plane (Table 1, bottom half). Quarter-squares 
judged to be more than half-filled with elastic fiber 
were scored as 1, those less than half-filled were 
scored as 0. 

To compare directional incidences among the col- 
lagen or elastic fibers, the individual section counts 
included in the three entries for the same orientation 
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(the orientations identified at the foot of Table 1) were 
summed (n = 18) and the statistical significance of 
differences were evaluated by Student’s two-ended 
f-test. 


Results 
Light Microscopy 


In transverse and radial longitudinal sections, the 
dura mater appeared to be composed of multiple, 
irregularly branching lamellae arranged concentri- 
cally relative to the spinal cord (Figure 1). The clefts 
between the lamellae were occupied by the connec- 
tive tissue ground substance. (As indicated above, 
connective tissue is composed of cells and extracellu- 
lar matrix made by fibroblasts, the matrix in turr 
being composed of fibers and ground substance. 
Regions posterior and anterior to the spinal cord were 
structurally indistinguishable. Individual collagen o1 
elastic fibers were not recognizable by light micro- 
scopy in these preparations. The term “fibers” wher 
used to describe the appearance of dura mater in the 
light microscope (2) refers to the composite lamellae 
or strands. 


Electron Microscopy 


Collagen fibrils typically ~0.06 um in diameter were 
the dominant element (Figure 2), arranged in wavy, 
irregularly interlacing bundles trending in variou: 
directions. Sparser, densely staining elastic fibers anc 
gaps devoid of structure (representing ground sub- 
stance) occurred at irregular intervals. The elastic 
fibers were notable for their large diameter, typically 
1-2 um (8), their dark amorphous content packec 
with long parallel fibrils, and a rectilinear course 
generally either longitudinal or transverse but occa: 
sionally branching. The direction of the elastic fiber: 
was consistent in both sections of each plane, be 
tween all three planes of sectioning, and between al 
three specimens. 

The results of the survey of fiber directionality ir 
each of the planes are summarized in Table 1. Col 
umn headings V, H, and AP indicate direction: 
relative to the lattice grid. The corresponding orthog: 
onal directions in the specimens are given at the foo 
of the columns. The summed longitudinal and cir. 
cumferential directionality scores, evaluated by the 
t-test, did not differ significantly either for the colla 
gen or the elastic fibers (P > 0.1) but were signifi 
cantly larger than the corresponding radial score: 
(P < 0.005). The scarcity of radial directionality may 
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Figure 1. Orthogonal sections of posterior L-3 dura mater from a 
subject aged 43 yr. (A) Transverse; (B) radial longitudinal; (C) 
tangential longitudinal; van Gieson stain. C is from near the 
epidural surface; the cranial direction is toward the top. In B the 
epidural surface is on the left; in A it is at the top. The tightly 
lamellated appearance near the epidural surface is typical. The 
general direction of the lamellae and strands in A and B is 
concentric and consistent with the appearance in C, where the 
general direction of the strands is clearly transverse. x30. 


in part simply be due to radially directed portions of 
fibers primarily coursing longitudinally or circumfer- 
entially. A very low total, 12, of radial collagen scores 
in the subject aged 74 yr was the only hint of 
age-related difference. 


Discussion 


Viewed in the light microscope (Figure 1), the dura 
mater presents a compact structure composed of 
concentric irregularly branching lamellae enclosing 
clefts that are referable to ground substance. The 
abundance of the interlamellar ground substance 
may well account for the ready passage of drugs 
through the dura mater (4,9). 

In electron micrographs (Figure 2), the lamellae are 
seen to be composed principally of interlacing bun- 
dles of collagen fibers that apparently do not take a 
strongly marked longitudinal direction, in contrast to 
the larger and sparser elastic fibers that consistently 
course in one of two directions: directly longitudinal 
or directly transverse. If dural fiber directionality 
responds to the mechanical stresses in the dura 
mater, one might expect it to have a predominantly 
transverse (horizontal) tendency because the cerebral 
and spinal dural mater enclose a space that is qua- 
sicylindrical in its spinal portion. An increase in CSF 
pressure, such as in coughing, would be expected to 
produce an increase in spinal dural stress at least 
twice as great in the transverse circumferential direc- 
tion (hoop stress) as in the longitudinal direction (10), 


but the scores in this survey give no indication that 
dural collagen fiber directionality is adjusted to the 
difference in the magnitude of these stresses. The 
scores are, however, consistent with the impression 
gained from naked eye inspection of the micrograph 
montages that different collagen fiber bundles often 
run at approximately right angles to each other. In 
sharp contrast to the wavy course and ill-defined 
directionality of the collagen bundles is the marked 
rectilinearity of the elastic fibers. The rough equality 
of the numbers running transversely and longitudi- 
nally should be noted; however, the sections exam- 
ined represent only a very small portion of the parent 
tissue and manifest great variability within the sam- 
pled area. Paradoxically, the numbers imply inequal- 
ity of elastic resistance to hoop and longitudinal 
stress. There is no excess of transverse elastic fiber to 
withstand the excess hoop stress and this means that 
an increase in CSF pressure will tend to stretch the 
trellis of elastic fibers concentrically rather than lon- 
gitudinally. At such times the nerve roots will tend to 
be drawn laterally at the points where they exit from 
the dural sac. Thus the obliquely outward and down- 
ward course of the roots between the spinal cord and 
dura mater seems arranged to absorb such movement 
with a minimum of longitudinal stress and strain on 
the nerve fibers. The envelope of CSF and cuff of dura 
mater through which the segmental roots exit from 
the spinal dural sac probably serve the same mechan- 
Ics. 

The excess increase in hoop stress during increases 
in CSF pressure should tend to make the edges of a 
hole created by a longitudinally oriented needle bevel 
gape more than those created by a transverse one, 
and tests on an immobile cylindrical model support 
this idea (11) but clinical observation does not (12,13). 
There is, however, evidence that flexion of the verte- 
bral column increases the longitudinal tension in the 
spinal cord and meninges in situ (14); this effect could 
cause the edges of a cut by a transversely directed 
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(AP) or by Ground Substance (O) 


Radial longitudinal 

Orientation on grid V H AP O 
Collagen 

Total squares 178 36 307 172 92. 

Mean 29.7 6.0 51.2 28.7 

SE 7.6 2.9 6.3 10.8 

Surveyed area (%) 24.5 5.0 42.3 23.7 
Elastic fibers 

Total quarter-squares 569 84 60 

Mean 94.8 14 10 

SE 22.5 6.5 2.4 

Surveyed area (%) 79.8 11.8 8.4 

Orientation in body Long Rad Circ 


59.2 
15.0 
56.8 
Cire 


FINK AND WALKER 


Table 1. Counts of Grid Squares Occupied by Fibers Directed Vertically (V), Horizontally (H), and Anterioposteriorly 


Plane of section 


Long, longitudinal; Rad, radial; Circ, circumferential. ee was coal bey in 726 squares; 121 squares per sectlon—tvo sections per plane and per 
specimen (three specimens); elastic fibers were surveyed in 


needle bevel to gape more than those of a longitudi- 
nally directed one, and would cause a correspond- 
ingly greater leakage of CSF from the transversely 
directed one and a greater liability to post-spinal 
puncture headache. 
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Efficacy of Oral Cyclosporine Given Prior to Liver Transplantation 


Marc R. Brown, Mp,” Dan Brajtbord, Mp, Dennis W. Johnson, MD, 
Michael A. E. Ramsay, Mp, and A. William Paulsen, MMSc, PhD 


BROWN MR, BRAJTBORD D, JOHNSON DW, 
RAMSAY MAE, PAULSEN AW. Efficacy of oral 
cyclosporine given prior to liver transplantation. 
Anesth Analg 1989;69:773-5. 


The bioavailability of oral cyclosporine (CYS) dissolved in a 
large quantity of milk gtven just before liver transplantation 
(LTX) was evaluated in 30 patients, given randomly timed 
oral CYS before LTX, by measurements of CYS blood levels 
at induction, 2 h later, and at the time of graft reperfusion. 
Adequate blood CYS levels, defined as =500 ng/mL 
(FPIA), could reliably be achieved only when the drug was 


Cyclosporine (CYS) is a mainstay of immunotherapy 
for solid organ transplantation. It is frequently given 
in a single oral preoperative dose before liver trans- 
plantation, with the intention of providing a thera- 
peutic blood level at the time of graft reperfusion. 
While the pharmacokinetics of chronic oral CYS ther- 
apy have been well described (1-3), it has not been 
determined whether a randomly timed preoperative 
dose results in desired blood levels. The importance 
of this question is enhanced by the fact that this drug 
must be dissolved in a substantial amount (2180 mL) 
of chocolate milk, and may be administered just 
before surgery, thus possibly increasing the risk of 
aspiration. The present study relates time of preoper- 
ative CYS administration with levels attained during 
anesthesia and surgery. 
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administered 4 to 7 h preoperatively. Patients recetving the 
drug <4 h preoperatively generally had low levels thereafter 
(two of seven patients had =500 ng/mL in any sample, 
compared with 13 of 14 patients tn the 4-7-h group, P < 
0.011); an interval of >7 h yielded unpredictable results. 


Fluids and blood products transfused, and preoperative 
ascites or ICU care, were not related to blood CYS levels. 
Oral CYS should be given 4 to 7 h before LTX to achieve 


adequate levels. 


Key Words: SURGERY, TRANSPLANTATION—liver. 
LIVER, TRANSPLANTATION—cyclosporine. IMMUNE 
RESPONSES, suPPRESSION—cyclosporine. 


Methods 


Following approval of the Institutional Review Board, 
informed consent was obtained from 30 patients 
admitted for initial orthotopic liver transplantation. 
No patient had received cyclosporine previously. 
Patients with severely impaired renal function (oligu- 
ria or GFR < 40 mL/min) did not receive CYS pre- 
operatively and thus were excluded. 

Patients were given CYS 10 mg/kg mixed in 180 mL 
chocolate milk orally shortly after hospital arrival, 2 to 
10 h preoperatively. Premedication consisted of ei- 
ther oral diazepam 5 to 10 mg or IM midazolam 4 to 
8 mg; no patient received metoclopramide, sucralfate, 
or H, blocking agents. After induction of anesthesia 
with thiopental or ketamine, followed by succinyl- 
choline and sufentanil for tracheal intubation, the 
first blood sample was drawn for CYS levels (whole 
blood fluorescence polarization immunoassay [FPIA] 
TDx, Abbott Labs, Chicago, Ill.). Anesthesia was 
maintained with sufentanil, pancuronium, and iso- 
flurane in air/oxygen. A second blood sample for CYS 
assay was drawn 2 h after induction, and a third 
within 15 min following reperfusion of the grafted 
liver. Nasogastric tubes were placed, but not suc- 
tioned. Fluid and blood-product administration was 
recorded for each time interval. Veno-venous bypass 
was employed in all cases. Urine output remained 
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O REPERFUSION 


Figure 1. Cyclosporine (CYS) blood 
levels in 30 patients measured follow- 
ing inducticn of anesthesia, 2 h later, 
and 15 min after graft reperfusion. 
The therapeutic level is considered to 
be 500 mg/mL (dashed line). 


14 16 18 


TIME FROM ADMINISTRATION OF ORAL CYS (Hours) 


adequate in all patients. Patients were given intrave- 
nous CYS within the first 24 h postoperatively and 
thereafter based on adequacy of renal function in 
accordance with the immunosuppressive protocol at 
this institution. 

Multiple regression analysis was performed to 
determine if a relationship existed between CYS 
blood levels and either times of CYS administration 
or volumes and times of fluid and blood-product 
administration. Nonparametric methods were used 
to test whether the presence of ascites or preoperative 
intensive care unit stay affected the drug levels. 
Significance between groups in contingency tables 
was computed with x” tests using Yates’ corrections. 


Results 


Cyclosporine blood levels are shown graphically in 
Figure 1. The data in Table 1 indicate that adminis- 
tration of CYS less than 4 h before anesthetic induc- 
tion generally yielded blood levels less than 500 
ng/mL at the time of graft reperfusion. Patients given 
CYS more than 7 h before induction of anesthesia had 
widely variable and unpredictable levels. The mini- 
mum blood level considered therapeutic in our insti- 
tution is 500 ng/mL. 

Patients had received a cumulative volume of 
448 + 75 mL (mean + sp) of crystalloid but no blood 


Table 1. Cyclosporine Blood Levels as a Function of Time 
Between Oral Administration and Anesthetic Induction 


Time between CYS dose 
and induction 
Patients with <4h 4to7h >7h 
CYS levels > 500 ng/mL 2/7 13/14* 4/8 
at any Measurement 
CYS levels > 500 ng/mL 1/7 12/14” 4/8 
at reperfusion 


CYS = cyclosporine. 
“P < 0.011, *P < 0.007 compared to O- to 4-h recipients. 


products at the time of induction; 1990 + 154 mL and 
490 + 123 mL, respectively, 2 F after induction; and 
3814 + 268 mL and 2347 + 511 mL at the time of graft 
reperfusion. No significant linear relationships could 
be established between fluids cr blood products ad- 
ministered and changes in CY5 levels, even when 
data were normalized for weight and body surface 
area. 

The decreases in CYS blooc levels between 2 h 
after induction and the time of graft reperfusion were 
significantly correlated (R = 0.90, P < 0.001) with the 
absolute drug levels and the length of time between 
the measurements. The CYS blood levels were di- 
rectly related to the absolute drug levels, and were 
inversely related to the time inzervals between mea- 
surements. 


CYCLOSPORINE BEFORE LIVER TRANSPLANT 


Whether or not the patients were in the intensive 
care unit preoperatively, or had significant ascites, 
did not affect CYS blood levels. No episodes of 
regurgitation or aspiration occurred. 


Discussion 

Although CYS is normally described as reaching peak 
blood concentrations 2 to 4 h after an oral dose (1), 
adequate levels (i.e., CYS > 500 ng/mL) were not 
seen in our patients unless more time had elapsed 
before anesthesia—ideally, 4 to 7 h. 

Many factors are, in all probability, involved in the 
results of this study. Preoperative anxiety, intraab- 
dominal pathology, or debilitation related to preex- 
isting diseases might have delayed gastric emptying 
or absorption, contributing to diminished CYS blood 
levels at the time of induction of anesthesia. There is 
also normally a wide variability between individuals in 
the rate of absorption of oral CYS, even in healthy, 
nonanesthetized subjects (3). Furthermore, CYS blood 
concentrations increase dramatically following biliary 
T-tube clamping in liver transplant recipients, indicat- 
ing that CYS intestinal absorption is dependent upon 
enterohepatic circulation (4), which would be highly 
unpredictable in the patients in the present study. 

Therapeutically inadequate CYS blood levels 2 h 
after induction and at the time of reperfusion may be 
related to the effects of anesthesia and of major upper 
abdominal surgery, including delayed gastric empty- 
ing. Isoflurane anesthesia significantly reduces the 
absorption of orally administered CYS in rats, even in 
the absence of surgery (5). 

Although large alterations in blood volume and 
fluid replacement may be seen during liver transplan- 
tation, in the present study there was no significant 
correlation between fluid or blood administration and 
CYS blood levels. However, analysis of the relation- 
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ship of the second and third CYS samples to the time 
interval between those samples and the absolute 
drug levels revealed a high correlation. This suggests 
first-order rate kinetics for redistribution and elimi- 
nation of the drug. 

The definition of therapeutic CYS blood levels 
varies between institutions and assays; notably, the 
FPIA assay used here yields values that are approxi- 
mately 80% of those given by whole-blood RIA assays 
in use elsewhere, and cur results should be inter- 
preted with this in mind. Further, there is no general 
agreement as to optimal levels of CYS at the time of 
transplantation; each major institution has developed 
its own target for maintenance of CYS blood levels, 
controlled comparisons of which are lacking. 

We conclude that there is no clinical justification 
for the administration of oral CYS immediately before 
liver transplantation, and submit that the potential 
risks (e.g., vomiting and aspiration) are thus unjus- 
tified. Cyclosporine should be given orally no less 
than 4 and no more than 7 h preoperatively in order 
to achieve optimum blood Ievels. 
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serum Ammonia Levels in Response to Glycine Infusion in Normal 


and Cirrhotic Rats 


Edward J. Frink jr, Mp, David A. DiGiovanni, Ba, John R. Davis, Mp, 


and Burnell R. Brown Jr, MD, PhD, FFARCS 


FRINK EJ Jr, DIGIOVANNI DA, DAVIS JR, 

BROWN BR jr. Serum ammonia levels in response to 
glycine infusion in normal and cirrhotic rats. Anesth 
Analg 1989;69:776-82. 


Elevated serum ammonia may play a role in central nervous 
system derangement after transurethral resection of the 
prostate. Glycine used as a surgical irrigant for prostate 
resection produces ammonia as a by-product after liver and 
renal metabolism. The presence of liver dysfunction often 
leads to an inability to remove generated ammonia from the 
circulation. To determine whether the presence of cirrhosis 
allows significant metabolism of glycine and the resulting 
serum ammonia levels generated, the production of ammo- 
nia after glycine infusion was examined in normal and 
cirrhotic rats. Hepatic microsomal enzyme induction was 
produced in male Sprague-Dawley rats given sodium phe- 
nobarbital, added to the drinking water to hasten the 
development of cirrhosis, by increasing the toxicity of 
carbon tetrachloride given intragastrically to one group at 
weekly intervals for production of cirrhosis. A control group 
was maintained under similar conditions except for carbon 
tetrachloride dosing. The end point for production of cir- 
rhosis was the development of ascites. Two weeks after the 
development of ascites in the cirrhotic rats and the discon- 


The intravascular absorption of irrigating solution 
during transurethral resection of the prostate (TURP) 
may be associated with several clinical sequelae. 
Cardiorespiratory compromise and central nervous 
system derangement may occur due to intravascular 
volume overload and electrolyte imbalance. Changes 
in mental status are generally believed to be associ- 
ated with dilutional hyponatremia and reduced se- 
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tinuation of phenobarbital in both groups, both control and 
cirrhotic rats were anesthetized with IP pentobarbital and 
glycine (1.25 g/kg; 7.5%) was given intravenously. Venous 
blood samples were taken at intervals up to 120 min for 
serum ammonia analyis. After the final serum ammonia 
sample, lethal pentobarbital injection was given and livers 
and kidneys removed for histologic analysis. 

Terminal body weight, glycine dose, and renal histology 
were not different between groups. Liver weights were 
greater in cirrhotic rats. Baseline serum ammonia levels 
were also greater in the cirrhotic rats. After glycine infu- 
sion, cirrhotic rats developed higher peak serum ammonia 
levels that remained elevated longer than those in control 
animals. Results suggest that during glycine administra- 
tion in cirrhotic rats the ability to metabo-ically convert 
glycine to ammonia is not substantially impaired. Metabo- 
lism by the liver of circulating ammonia, however, appears 
to be significantly decreased. It is concluded that the 
presence of cirrhosis leads to more elevated and prolonged 
serum ammonia levels after glycine infusion in cirrhotic as 
compared with noncirrhotic rats. 


Key Words: SURGERY, uroLocic—trar-surethral 
prostatectomy. LIVER, crrrHosis—glycne and 
ammonia metabolism. METABOLISM—glycine; 
ammonia. 


rum osmolality. There are several reports (1,2) of 
patients who developed postoperative encephalopa- 
thy in association with elevated serum ammonia 
levels and with use of glycine as the surgical irrigant 
during resection. Glycine solutions are often used as 
the irrigant for this procedure (3), and its oxidative 
deamination results in the production of ammonia. 
Liver disease and congenital or acquired defects in 
the urea cycle often cause. inability to metabolize 
ammonia with resultant increase in its serum level. It 
has been suggested that the presence of liver disease 
may lead to an increased risk of hyperammonemic 
encephalopathy with glycine absorption after TURP 
(2). On the other hand, although the liver normally 


AMMONIA LEVEL WITH GLYCINE IN CIRRHOTIC RATS 
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or 
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Figure 1. Representative example of body weight 
changes during CCl, administration to produce 
cirrhosis. Dosing was weekly with subsequent 
CCL, dosage based on maximal weight loss 2 days 
after the previous dose. The initial dose (1x) was 
0.04 mL CCl, with the remaining volume in corn 
oil to a total of 0.5 mL. Subsequently, the dose of 
CCL, was increased (as a multiple of x) without a 
change in the total volume of 0.5 mL. 


(1x) 


Weight in grams 
3 


contributes to metabolic removal of ammonia from 
the blood, the liver also contributes to the production 
of ammonia through metabolism of giycine. The 
effect of liver dysfunction on the production of am- 
monia during TURP with use of glycine as the irrigant 
has, however, not been studied. Although it is well 
established that the cirrhotic condition leads to a poor 
ability to handle ammonia, it is unclear whether 
cirrhosis so impairs hepatic metabolism as to prevent 
significant production of ammonia from administered 
glycine. Therefore, we used a model of cirrhosis in 
the rat to evaluate how the presence of liver disease 
may affect the metabolism of glycine, production and 
metabolism of ammonia, and the resultant serum 
ammonia levels. 


Methods 


With the approval of the animal care committee of the 
University of Arizona, 25 male Sprague-Dawley rats 
(Harlan) were used in the experimental procedure. 
All rats were housed in hanging cages and allowed a 
standard diet ad libitum. After a 1-wk quarantine, 15 
of the rats were assigned to a group for generation of 
cirrhosis. The additional 10 animals were used as a 
control (noncirrhotic) group. 


Induction of Cirrhosis 


Phenobarbital (0.05% vol/vol) was added to the drink- 
ing water of both groups to produce hepatic biotrans- 
formation enzyme induction and hasten the produc- 
tion of cirrhosis in the rats in which cirrhosis was to 
be generated. Administration was continued until 
development of ascites. The control animals were 
handled similarly with regard to phenobarbital dos- 
ing. One week later, carbon tetrachloride (CCl,) dos- 


(1x) 
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(2.5x) 
(2.5%) n 
(2x) (25x) Ascites 
{2x} 


0 2-7 9-14 16-21 23-28 30-35 37-4244-49 51-56 58-6365-70 72-77 79-8486-91 93-98 


Days 


ing was begun on a once weekly basis. CCI, (0.04 mL) 
(in corn oil [0.5-mL total volume]) was given intra- 
gastrically using a 5 F, 40-cm infant feeding tube 
(Argyle) based on a method described by Proctor and 
Chatamra (4). The nasogastric tube was inserted into 
the stomach after 5 min of 2.5% isoflurane anesthesia 
to lightly sedate the animal. The initial starting dose 
was 0.04 mL of CCl, in 5 mL of corn oil in each 
animal. Subsequent increases or decreases in the 
CCl, weekly dosage were based on the animal’s 
response to the previous dose. The animal’s weight 
loss 2 days after the previous dose was used to 
determine if the subsequent dose should be in- 
creased, decreased, or remain the same (Figure 1). If 
the animal lost significant (>5%) body weight 2 days 
after a dose, the subsequent dose was decreased by 
0.02 or 0.04 mL of CCl, per 0.5 mL of total volume 
(CCI, + corn oil). An increase in dose was given if the 
animal maintained its weight or showed a weight 
gain. No change in the dosage occurred if the animal 
showed a modest weight loss (<5% body weight). 
This method allowed the controlled induction of 
disease with little mortality compared with fixed 
dosage regimens that do not account for individual 
animal response. The end point for production of 
cirrhosis was the development of ascites that was 
most visible with the animals in the supine position 
while lightly anesthetized with isoflurane. After the 
production of cirrhosis, a 2-wk period without phe- 
nobarbital or CCl, dosing was allowed for stabiliza- 
tion before experimental testing. 


Glycine Administration 
The control and cirrhotic animals were anesthetized 
with pentobarbital (65 mg/kg IP) for insertion of a 


femoral venous catheter. The catheter was flushed 
with heparinized saline solution (50 U/mL) after each 
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Table 1. Total Glycine Dose Administered and Terminal Body/Organ Weights 


Glycine dose 


Weights (g) 


eee 


Group (mg) Body Liver Kidney 
Control (n = 10) 523.6 + 17.8 418.9 + 14.3 16.8 + 0.1 3.73 + 0.04 
Cirrhotic (n = 10) MUI * 15.5 416.2 + 12.4 Yt ia 8 3.74 + 0.03 


Data shown as mean + SEM 
“Differs from control group, P < 0.05. 


blood sample removal. After the removal of a 500-yL 
blood sample for determination of baseline ammonia 
levels, glycine 1.25 g/kg (7.5% wt/vol in 0.9N sodium 
chloride) was administered via the femoral catheter 
over 5 min. Subsequent blood samples were obtained 
via the femoral vein 15, 30, 60, 90, and 120 min after 
completion of the glycine infusion. Blood samples 
were centrifuged at 6000 g for 10 min and the plasma 
was frozen at —70°C for subsequent analysis. Serum 
ammonia levels were determined spectrophotometri- 
cally (Sigma, St Louis, Mo.) with use of a Beckman 
spectrophotometer. 

After the final blood sample was obtained, the 
liver and kidneys were removed for subsequent 
weighing and histologic analysis after lethal pento- 
barbital injection. Liver and kidney histologic sec- 
tions obtained from each animal in both groups were 
stained with hematoxylin and eosin for histologic 
analysis. Liver samples obtained from cirrhotic ani- 
mals were graded on level of cirrhosis and hepatocel- 
lular changes and classified as mild, moderate, or 
severe cirrhosis (5). 

Statistical analysis for comparison between control 
and cirrhotic animals used paired t-tests. One-way 
analysis of variance (ANOVA) was used to evaluate 
Significance of ammonia changes with respect to 
individual animals and time. Statistical significance 
was defined as P < 0.05. 


Results 


Of the 15 animals undergoing induction of cirrhosis, 
the first ten developing ascites were used for the 
analysis of ammonia response to glycine infusion. 
(Only one animal of the original 15 died during early 
CCl, dosing.) The average time for production of 
cirrhosis was 13 wk, but the time interval ranged 
from as early as 8 to as late as 17 wk. 

Mean body weight and subsequent glycine dose 
did not differ between control and cirrhotic groups 
(Table 1). Liver weights were significantly greater in 
cirrhotic rats than in control rats, but kidney weights 
did not differ. All rats in the cirrhotic group had 
ascites present at postmortem laparotomy. 


Serum Ammonia (ymoles /liter) 





0 15 30 60 90 120 
Time (min) 


Figure 2. Serum ammonia levels after glycine infusion in control 
(Œ) and cirrhotic (@) animals. Values represent mean + SEM with 
n= 10. 


Changes occurred in serum ammonia levels during 
the 120-min evaluation period in both control and 
cirrhotic rats. There was no difference in ammonia 
levels noted between animals within each group, 
indicating group homogeneity with respect to serum 
ammonia changes. Baseline ammonia levels were 
higher in cirrhotic than in control rats (P < 0.05). Peak 
serum ammonia levels (427.64 + 31.05 umol/L) were 
also significantly greater in cirrhotic than in control 
rats (217.69 + 6.17 wmol/L) (Figure 2). Analysis of 
absolute value change in ammonia level from base- 
line showed that, at each time interval, values in the 
cirrhotic group were greater than control values. In 
cirrhotic rats, serum ammonia levels remained ele- 
vated at 120 min, whereas levels in control rats had 
by this time point returned nearly to baseline values. 
Serum ammonia level peaked in 9 of 10 control 
animals by 30 min and by 60 min in one animal, 
whereas in the cirrhotic animals, peak serum levels 
were attained at 30 min in six animals, 60 min in three 
animals, and 90 min in one animal. Histologic exam- 
ination showed the presence of nodular cirrhosis in 
all cirrhotic animals (Figure 3). None of the livers in 
control rats showed evidence of hepatocellular dis- 
ease. Based on histologic criteria (5), cirrhosis in two 
livers was classified as mild, in four as moderate, 
and in four as severe cirrhotic with hepatocellular 
changes. Histologic examination of the kidneys 
showed no abnormality other than occasional periph- 
















PA 
< * = 
ar p . 1< + i 
eS se m rr, 
í > TA 
. > > 
5 - 
: m + Y 
a $ x; 
p) i. f a J es 
Pee at os > “pë 
E ee ee ky Ene 
r $ » a 
= > \ ory = 
$2 ® . ; 
# " 
. : , 1 4, 
z oe. ai 
E puet >ti A x 


a 
‘2s 


Figure 3. Normal liver histologic sections (A) and that typical of 
rats treated with CCl, (B) showing micronodular cirrhotic pattern 


with fibrosis and hepatocellular changes. 


HiN-CH,-C-O- glycine 
NH, glycine oxidase [oxidative deamination] 
ammonia 
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Figure 4. The metabolic pathway for the conversion of glycine to 
ammonia in the liver and Kidney. 


eral focal glomerulosclerosis consistent with changes 
attributable to animal age in both groups of rats. 


Discussion 


The results obtained in this study show that serum 
ammonia levels are significantly greater in cirrhotic 
than in control rats after glycine IV infusion. The 
cirrhotic animals began with higher serum ammonia 
levels and, after glycine infusion, the absolute in- 
crease in ammonia level was greater than that in 
control animals at all time points studied. 

The “TURP syndrome,” which occasionally occurs 
after prostate resection, may consist of adverse he- 
modynamic changes as well as central nervous sys- 
tem (CNS) derangement. The CNS alterations that 
result have generally been ascribed to hyponatremia 
and hypoosmolality (6,7). Recent evidence suggests, 
however, that the mental or visual disturbances, or 
both, may be more complex than simple hypona- 
tremia. 

Glycine (1.5% wt/vol) is often used as a surgical 
irrigant for TURP. Glycine itself functions as an 
inhibitory neurotransmitter in the CNS and retina 
(8-10), and increased blood and, presumably, CNS 
levels may be responsible for mental and visual 
disturbances associated with the TURP syndrome in 
some cases. 

Glycine is normally metabolized in the liver and 
kidney by oxidative deamination to produce ammo- 
nia (Figure 4). Elevations in serum ammonia level 
after TURP may contribute to or cause CNS abnor- 
malities associated with the TURP syndrome (1,2). 
Elevated blood ammonia concentrations in humans 
cause mental dysfunction. In patients with liver dis- 
ease, elevated serum ammonia levels are believed to 
be one of the etiologic factors in hepatic encephalop- 
athy. The central effects of ammonia may be medi- 
ated by increasing CNS levels of the inhibitory neu- 
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rotransmitter serotonin and/or by decreasing the 
production of the excitatory neurotransmitters nor- 
epinephrine and dopamine (11). 

Although all three previously discussed factors 
(elevated glycine, hyponatremia, and hyperammo- 
nemia) may play a role in encephalopathy after 
prostate resection with use of glycine as the irrigant, 
it is likely that each may in some instances be more 
important in particular patients. There seems to be 
good evidence that, at least in some patients, ele- 
vated serum ammonia levels after glycine absorption 
lead to mental status changes in the absence of 
significant decrease in serum sodium levels (1,2). 
Elevated serum glycine levels are likely not a factor in 
some patients because symptoms of mental dysfunc- 
tion often are noted as serum ammonia levels are 
increasing, by which time serum glycine levels have 
already decreased. Several authors (1,2) have ques- 
tioned whether the patient with liver disease might 
be at increased risk for hyperammonemia after TURP 
with glycine. Hoekstra et al. (2) found that one 
patient in their series developed CNS changes 3 h 
postoperatively. This patient had a serum ammonia 
level of 428 pmol/L (normal 11-70 pmol/L) with a 
serum sodium level of 130 mEq/L and was the only 
patient in their study with preoperative liver dysfunc- 
tion. It appears that certain patients (perhaps, as 
implied by results of this study, those with liver 
dysfunction) may develop perioperative mental de- 
rangement based on elevated serum ammonia levels 
after TURP with use of glycine irrigant. 

The glycine infusion dosage in our study was 
based on animal weight. Although there was variabil- 
ity in animal weight within each group, there was no 
difference in glycine dosage between groups. So that 
glycine administration could be accomplished with- 
out circulatory overload, 7.5% wtvol glycine was 
used rather than 1.5% wt/vol. A dose of 1.25 g/kg was 
chosen because, in normal dogs, a glycine dose of 1 
g/kg resulted in a serum ammonia level >100 pmol/L, 
a level that might be expected to cause CNS symp- 
toms (10). - 

This dose is not outside the realm of quantities that 
might be absorbed during a prostatic resection. Gen- 
erally, 10-30 mL/min is absorbed, with volumes up to 
6-8 L being absorbed in some cases (12, 13). Ina 70-kg 
patient, this would cause absorption of 1.3-1.7 g/kg 
of glycine provided a 1.5% solution was used. 

Phenobarbital was added to the drinking water in 
all rats to assure uniformity of control and CCl,- 
treated groups. This was discontinued 2 wk before 
the experiment to allow reversal of hepatic enzyme 
induction. The duration of the induced state is a 
function of dose and the inducing agent. A return to 
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basal enzyme activity after phenobarbital withdrawal 
occurs in 5-7 days (14). 

One shortcoming in our study was perhaps that 
we did not measure serum glycine levels as well as 
serum ammonia levels. Serum glycine levels were not 
measured because a standard dose was used in all 
animals based on animal weight. Whether useful 
information may have been provided had glycine 
levels been evaluated is not known. Previous studies 
have shown that glycine levels peak and are declining 
as the serum ammonia levels increase. Although this 
same pattern may have occurred in our study ani- 
mals, definitive data are lacking. However, in both 
groups serum ammonia levels did increase after gly- 
cine infusion, implying that in both groups of animals 
glycine was converted to serum ammonia. 

Cirrhosis in rats in our study was produced with 
use of weekly CCl, dosing. This model appears to 
mimic human cirrhosis rather closely, with animals 
developing liver fibrosis, ascites, hyperbilirubinemia, 
and portal hypertension (15). Patients with liver 
dysfunction may occasionally present for TURP, al- 
though the subpopulation who are candidates for this 
procedure will be limited by the presence of coagu- 
lation abnormalities. 

The ammonia serum levels occurring in cirrhotic 
animals is a function of the metabolic production and 
subsequent removal. It seemed likely that, once pro- 
duced, ammonia would be more slowly cleared by 
cirrhotic animals because of decreased urea cycle 
function. However, in the absence of functional liver 
cells to convert glycine to ammonia, it was previously 
unclear whether significant production of ammonia 
would occur. Results of our study show that in 
cirrhotic rats the ability to metabolically form ammo- 
nia from glycine is preserved or certainly much less 
impaired than is the ability to subsequently remove 
ammonia from the blood. The kidney is also a site of 
significant ammonia production from glycine. The 
liver, however, is the only significant site of metabolic 
conversion of ammonia to urea. Although we have 
no direct evidence, it is possible that there were 
significant renal contributions to the ammonia pro- 
duction from glycine in cirrhotic animals. Evidence of 
this occurring has been shown by Nathans et al. (16), 
who found that in hepatectomized dogs, renal am- 
monia contributions after glycine infusion increased 
above those seen in normal animals. In our animals 
with cirrhotic livers, a renal “compensation” may 
have allowed a more normal biotransformation of 
infused glycine to ammonia. 

Our results indicate that in rats with CCl,-induced 
cirrhosis, an exaggerated serum ammonia response 
occurs after glycine infusion. Interpretation of our 
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data leads us to believe that in the cirrhotic rats, 
production of ammonia from glycine remains rela- 
tively intact, but serum ammonia levels increase to 
higher levels for a longer time than those in normal 
rats due to impairment of hepatic urea cycle enzyme 
inhibition with cirrhosis. Baseline ammonia levels in 
cirrhotic rats were greater than those in control ani- 
mals. In a well-managed cirrhotic patient, this abnor- 
mality may be lessened by medical management 
limiting ammonia production, mainly via the intes- 
tine. Although the medically well-managed cirrhotic 
patient might come to surgery with a more normal 
basal serum ammonia level, after glycine adsorption 
during prostate resection the resulting ammonia lev- 
els once formed would likely remain elevated due to 
impaired hepatocellular function. If comparable am- 
monia responses occur in humans with liver dysfunc- 
tion as in our cirrhotic rats after glycine infusion, 
prolonged postoperative hyperammonemia may re- 
sult after TURP if glycine is used in the irrigant 
solution. Because hyperammonemia plays a role in 
the etiology of the TURF syndrome in some patients 
undergoing prostate resection with use of glycine, 
liver disease may pose an increased risk for postop- 
erative mental abnormalities after prostatic resection. 
Goodwin (18) suggested that other irrigant solutions 
such as sorbitol and mannitol be used in patients with 
liver disease undergoing TURP. Although this sug- 
gestion seems prudent, the use of sorbitol in patients 
with liver disease may also lead to elevated lactate 
levels after its metabolism (19). Further evaluation of 
serum ammonia response to glycine absorption in 
patients with various degrees of liver dysfunction is 
needed. 


The authors acknowledge the assistance of A. Jay Gandolfi, php for 
suggestions, helpful discussions, and aid in manuscript prepara- 
tion. 
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Passive or Active Inspired Gas Humidification Increases Thermal 
Steady-State Temperatures in Anesthetized Infants 


Bruno Bissonnette, Mp and Daniel I. Sessler, mp* 


BISSONNETTE B, SESSLER DI. Passive or active inspired 
gas humidification increases thermal steady-state 
temperatures in anesthetized infants. Anesth Analg 
1989;69:783-7. 


We tested the hypothesis that acttve and passive airway 
humidification minimize hypothermia in infants, but that 
maintaining normothermia does not decrease the duration 
of postoperattve recovery. A circle system was used to 
ventilate the lungs of anesthetized, intubated infants who 
were randomly assigned to active airway humidification 
and warming with use of an MR450 Servo airway heater 
and humidifier set at 37°C (n = 10), passive airway 
humidification with use of the Humid-Vent Mini heat and 
moisture exchanger placed between the Y-ptece of the circle 
and the endotracheal tube (n = 10), or no airway humidi- 
fication and heating (control, n = 10). Anesthesia was 
induced with thiopentai and maintained with isoflurane and 
nitrous oxide in oxygen. The relative humidity of inspired 


Airway humidification in intubated patients prevents 
tracheal damage from dry inspired gases (1), in- 
creases tracheal mucus flow (2), and minimizes res- 
piratory heat loss (3,4). Heat and humidity can be 
added to inspired gases actively by evaporative or 
ultrasonic humidifiers, or passively, by heat and 
moisture exchangers (“artificial noses”). Both active 
and passive gas conditioning minimize intraoperative 
hypothermia in adults and children, which may 
speed recovery from general anesthesia (5-8). Active 
systems increase airway temperature and humidity in 
children and infants (6) but are expensive, difficult to 
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respiratory gases was ~35% in the control group and 
~90% in the group undergoing active airway humidifica- 
tion. Initial inspired humidity in the passtve humidification 
group (45%) increased to ~80% after 1 h of anesthesia. 
Humidity differed significantly across groups at all times 
(P = 0.05). Steady-state rectal temperatures (100-120 min 
after induction) were 36.2 + 0.7°C in patients given active 
humidification and heating, 35.7 + 0.9°C in the passively 
humidified group, and 35.2 + 0.4°C in the control group 
(P = 0.05 between each group). Recovery from general 
anesthesia was rapid in all patients and did not correlate 
with central temperature changes or type of humidification 
(P = NS). We conclude that heat and moisture exchangers 
are less effective than active heating and humidification, but 
significantly better than no humidification. 


Key Words: ANESTHESIA, PEDIATRIC. 
HUMIDIFICATION, INTRAOPERATIVE—pediatric. 
TEMPERATURE, INTRAOPERATIVE—pediatric. 


set up, and associated with complications (9). To 
determine whether the use of a heat and moisture 
exchanger having minimal dead space (~2 mL) 
would benefit infants, we compared central and 
airway temperatures, airway humidity, thermoregu- 
latory response (cutaneous vasoconstriction), and du- 
ration of postanesthetic recovery in infants given 
active, passive, or no respiratory gas humidification. 


Methods 


With approval from the Ethical Committee of the 
Hospital for Sick Children, we studied 30 unpremed- 
icated infants with ASA physical status 1 or 2 after 
obtaining written, informed consent from their par- 
ents. All patients weighed between 5 and 10 kg and 
were scheduled for peripheral surgery lasting 2-3 h. 
We induced anesthesia with thiopental (5 mg/kg) 
and intubated the trachea of each patient after admin- 
istration of vecuronium (0.15 mg/kg). A circle system 
was used to provide ventilation and maintain anes- 


thesia with isoflurane, 1.5 L/min of oxygen, and 3.5 
L/min of nitrous oxide. No barbiturates or opioids 
were given during surgery. Respiratory rate and tidal 
volume (~10 mL/kg) were adjusted to maintain an 
end-tidal Pco, near 35 mm Hg. Endotracheal tube 
sizes were chosen to permit an air leak between the 
tube and the trachea at pulmonary pressures between 
15 and 20 cm H,O, in accordance with current prac- 
tice. Because gases lost around the endotracheal tube 
slightly decrease the effectiveness of passive airway 
humidifiers (10), we maintained peak pulmonary 
pressures below those required to cause a leak. 

-~ The infants were randomly assigned to one of 
three humidification regimens: active airway humidi- 
fication and warming with an MR450 Servo airway 
heater and humidifier (Fisher and Paykel Ltd., Auck- 
land, New Zealand) set at 37°C (n = 10); passive 
airway humidification achieved by placing the Hu- 
mid-Vent Mini heat and moisture exchanger (Gibeck 
Respiration, Inc., Schaumberg, Il.) between the en- 
dotracheal tube adapter of the circle system and the 
endotracheal tube (n = 10); or no airway humidifica- 
tion and heating (control, n = 10). To assure compa- 
rable dead space in all patients, we placed a plastic 
spacer between the endotracheal tube adapter and 
the endotracheal tube in the active and control 
groups. Intravenous fluids were warmed to 37°C, but 
no other warming techniques were used. 

We monitored central (rectal) (11), airway, and 
skin-surface temperatures with use of disposable 
thermocouples and model 6500 thermometers (Mon- 
a~Therm, Inc., St. Louis, Mo.). The rectal probes were 
inserted to a depth of 5 cm and taped in place. The 
airway thermocouple was passed through the endo- 
tracheal tube and taped in a position estimated to be 
~2 cm above the carina (12). Respiratory gas temper- 
atures were measured just before and just after 
anesthetic gases passed through the heat and mois- 
ture exchanger. Thermoregulatory vasoconstriction 
was evaluated with use of skin-surface temperature 
gradients (forearm-fingertip) (13,14). Skin-surface 
temperatures were measured with self-sticking, 1- 
cm-diameter probes placed midway between the el- 
bow and the wrist on the radial side of an arm 
without an intravenous line or blood pressure cuff, 
and on the tip of the index finger of that arm. As in 
previous studies, we prospectively defined the ther- 
moregulatory threshold for vasoconstriction as the 
central temperature associated with a skin-tempera- 
ture gradient =4°C (13,14). Thermal steady state 
(metabolic heat production equal to environmental 
heat loss) was assumed when rectal temperature no 
longer changed appreciably (15). Rectal, airway, skin- 
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surface, and ambient temperatures were recorded 
every 10 min throughout surgerv. 

Inspired relative humidity was measured with a 
rapidly responding Humicap (Vaisala, Inc., San José, 
Calif.) (90% response in <1 s) placed between the 
Humid-Vent Mini (or spacer) and the endotracheal 
tube. The Humicap was calibrated with use of satu- 
rated and dry gases before and after each application. 
Induction of anesthesia was defined as time zero, and 
each variable was first measured at 10 min. 

Postoperatively, we administerec 5 mL of 0.25% 
bupivacaine in or around the surgical incision to 
minimize discomfort during the recovery period. 
Muscle relaxation was reversed 2y administration of 
edrophonium (1 mg/kg) and atropine (40 pg/kg). 
Patients’ tracheas were extubated when each demon- 
strated sufficient alertness by opening his or her eyes. 
Ambient temperatures were thermostatically con- 
trolled at ~22°C during postanesthetic recovery, and 
rectal temperatures were recorded every 15-30 min. 
The presence or absence of shiverinz-like postopera- 
tive tremor was qualitatively evaluated at the same 
intervals. Fitness for discharge was based on stan- 
dard criteria including (a) rectal temperature =36°C; 
(b) recovery period =30 min; (c) patient alert with 
stable vital signs; and (d) no surgical problems. 
Patients were released from the recovery area by an 
anesthesiologist blinded to the method of airway 
humidification. 

Differences among groups were compared with 
use of one-way analysis of variance and Student- 
Newman-Keuls tests and were considered statisti- 
cally significant when P < 0.05. Results are presented 
as mean + sD. 


Results 


The three study groups did not differ significantly in 
mean age, weight, gender, end-tidal concentrations 
of CO, or isoflurane, or intraoperative ambient tem- 
perature (Table 1). The types of surzery also did not 
differ markedly. Most were hypospadias repairs or 
minor urologic procedures. 

The relative humidity of the inspired gases was 
~90% in patients given active airway humidification 
and ~35% in those given unconditioned gases 
(Figure 1). Passive humidification -ncreased airway 
humidity from approximately 45% at the beginning of 
anesthesia to approximately 80% after 1 h. Humidity 
differed significantly among the groups at all times. 
The temperature difference across the Humid-Vent 
Mini was 7.6 + 1.8°C (mean + sp) and did not change 
as a function of time. 
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Table 1. Mean Age, Weight, Ambient Temperature 
During Surgery, End-tidal CO, and Isoflurane 
Concentrations, and Duration of Postanesthetic Recovery 
in Patients Assigned to Receive Active, Passive, or no 
Airway Humidification 


Control Passive Active 
Number 10 10 10 
Age (mo) 10.0 + 5.0 123459 112+ 4.2 
Weight (kg) 7.8 + 2.5 8.1 + 2.0 8.51.7 
Number of male patients 8 7 9 
End-tidal CO, 36 + 1 36 + 2 35 +2 
End-tidal isoflurane Lr 1.2 40.2 1.0 + 0.1 
Intraoperative ambient 20.3 + 0.8 20.6 +40.6 20.7+0.9 

temperature (°C) 

Recovery time (min) 75 + 35 84 + 27 78 + 25 


All values are mean + sp. There were no statistically significant 
differences between the groups. 
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Figure 1. Mean inspired relative humidity in 30 infants and chil- 
dren given active (n = 10), passive (n = 10), or no airway 
humidification (n = 10). Vertical bars illustrate standard deviation. 
Humidity in each of the groups differed significantly at all times 
(P < 0.05). 


Mean intraoperative rectal temperatures decreased 
0.5 + 0.7°C during active airway humidification, 1.0 
+ 0.7°C during passive humidification, and 1.3 + 
0.6°C during no humidification (Figure 2). From 80 to 
120 min, rectal temperatures in the active and control 
groups differed significantly; temperatures in the 
passive group did not differ from those in the other 
groups at any time. 

Rectal temperature curves indicated that tempera- 
tures did not change appreciably after 90 min of 
anesthesia, which allowed us to average intragroup 
temperatures between 100 and 120 min after induc- 
tion to determine steady-state temperature. Thermal 
steady state differed significantly across groups, be- 
ing 36.2 + 0.7°C in the active group, 35.7 + 0.9°C in 
the passive group, and 35.2 + 0.4°C in control pa- 
tients. 

Intraoperative thermoregulatory vasoconstriction 
(forearm-fingertip gradient 24°C) was observed in 
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Figure 2. Mean rectal temperatures decreased 0.5 + 0.7°C in 
patients given active airway humidification, 1.0 + 0.7°C in those 
given passive humidification, and 1.3 + 0.6°C in the control group. 
Vertical bars illustrate standard deviation. Standard deviations of 
the group given passive intraoperative humidification (omitted for 
clarity) were similar to those of the children given actively humid- 
ified respiratory gases. From 80 to 120 min, temperatures in the 
active and control groups were significantly different; the passive 
group was not significantly different from any other group at any 
time. Temperatures between 100 and 120 min after induction were 
averaged within each group to determine steady-state tempera- 
tures. Thermal steady state differed significantly among the 
groups, being 36.2 + 0.7°C in the active group, 35.7 + 0.9°C in the 
passive group, and 35.2 + 0.4°C in patients given no airway 
humidification. 


the second coldest patient in each group, at a mean 
rectal temperature of 34.8 + 0.4°C and an end-tidal 
isoflurane concentration of 1.03% + 0.06%. 

Mean intraoperative airway temperatures (mea- 
sured ~2 cm above the carina) in the control group 
were significantly lower than those in the active 
group at all times; temperatures in the passive group 
differed significantly from the control group after 40 
min of anesthesia, but never significantly from those 
in the active group (Figure 3). 

Postoperatively, no children required analgesics 
before discharge from the recovery area. One patient 
in each group developed shivering-like postoperative 
tremor for a total of five observation epochs. Tremor 
occurred at a mean rectal temperature of 36.0 + 0.8°C 
but was observed in one patient whose temperature 
was 37.0°C. Postoperative mean rectal temperatures 
are provided in Figure 4. Children in each group 
rewarmed at ~0.9°C/h (P = NS) and the mean dura- 
tion of recovery from anesthesia did not differ signif- 
icantly among groups (Table 1). All patients but one 
remained in the recovery area at least 60 min. 


Discussion 


Humidification increased over time in the patients 
given passively humidified respiratory gases. Most 
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Figure 3. Mean airway temperatures (measured ~2 cm above the 
carina). Standard deviations of the group given passive intraoper- 
ative humidification (omitted for clarity) were similar to those of 
the children given actively humidified respiratory gases. Carinal 
temperatures in the control group were significantly lower than 
those in the active group at all times; temperatures in the passive 
group differed significantly from the control group after 40 min of 
anesthesia and were never significantly different from those in the 
active group. 


6 30 60 90 
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Figure 4. Mean rectal temperatures during the recovery from 
isoflurane anesthesia. Standard deviations of the group given 
passive intraoperative humidification (omitted for clarity) were 
similar to those of the children given actively humidified respira- 
tory gases during surgery. Children in each group rewarmed at 
~0.9°C/h (P = NS). 


heat and moisture exchangers (including the Humid- 
Vent Mini) use a hygroscopic membrane to trap 
expired heat and moisture. Even the small humidifier 
we used (~2-mL internal volume) required nearly 1h 
to achieve full saturation (thus provide maximal 
effect). Adult-sized filters would provide a greater 
heat and moisture reservoir, but have too large a 
dead-space for use in infants and might saturate too 
slowly to be effective. Both active and passive airway 
humidification provided >50% relative humidifica- 
tion, the amount needed to prevent ciliary damage 
(1,2). 

Thermal steady state (constant mean body temper- 
ature) occurs when environmental heat loss equals 
metabolic heat production. Steady state can be pas- 
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sive or result from physiologic regulation of heat 
production or heat loss, or both. Active regulation in 
anesthetized adults occurs when hyvothermia is suf- 
ficient to trigger thermoregulatory responses, usually 
about 34.5°C (the regulatory threshold depends on 
the type of anesthesia and the dose administered) 
(13,14,16). Only one infant in each group demon- 
strated significant thermoregulatory vasoconstric- 
tion, at a mean temperature of 34.8 + 0.4°C. Thermal 
steady state was passive in the other patients. 

After ~90 min of anesthesia, central temperatures 
stabilized at significantly different values. Because all 
groups had similar types of surgery under similar 
environmental conditions, the significant difference 
in steady-state temperature across groups was deter- 
mined primarily by the type of respiratory gas con- 
ditioning. As expected from previous studies in chil- 
dren (6), steady-state temperatures were highest 
in patients whose respiratory gas2s were actively 
warmed and lowest in those given unconditioned 
gases. These data indicate that passive gas humidifi- 
cation and warming is less effective than active con- 
ditioning, but significantly better than no treatment. 

Humidity measured between the Humid-Vent 
Mini (or spacer) and the endotracheal tube varies 
considerably on a breath-by-breath basis. No cur- 
rently available humidity monitor responds rapidly 
enough to provide accurate measurements through- 
out the entire respiratory cycle. Therefore, exact 
water (and thus heat) loss cannot be determined, 
even when a Humicap is paired with a pneumotach- 
ometer. Nonetheless, the relatively simple technique 
used in this study demonstrated that both passive 
and active methods adequately humidified the air- 
way to prevent tracheal mucosal damage. 

Recovery was rapid in all patients and did not 
correlate with central temperature or type of humid- 
ification. Although one study in adults demonstrated 
a significantly shorter recovery period in patients 
given active airway humidificatior. (7), subsequent 
studies did not identify a difference (8). Airway 
humidification in children also seems to have little 
effect on the duration of recovery (6). The results of 
this study indicate that infants are similar to children 
and adults in that duration of postoperative recovery 
is minimally influenced by airway humidification. 

Although we evaluated only patients anesthetized 
with isoflurane and nitrous oxide, it is unlikely that a 
physical process such as respiratory heat loss is 
significantly influenced by anesthetic drugs. How- 
ever, our patients were generally healthy, weighed 
5-10 kg, and underwent peripheral surgery. Al- 
though temperature changes will differ in other pa- 
tient populations, respiratory heat and moisture 
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losses would be similar. Additionally, anesthetic cir- 
cuit design changes airway humidity (17), but the 
changes are smaller than generally expected (18). 

In summary, 30 infants and children were ran- 
domly assigned to active, passive, or no intraopera- 
tive airway humidification and warming. Active air- 
way heating and humidification provided most 
airway warming and inspired gas humidification, but 
the Humid-Vent Mini heat and moisture exchanger 
was nearly as effective. Active humidification was 
most effective in minimizing central hypothermia, 
but the heat and moisture exchanger was signifi- 
cantly better than no humidification. Recovery was 
rapid in all patients and did not correlate with central 
temperature or type of humidification. Heat and 
moisture exchangers appear to be a reasonable alter- 
native to active airway humidification in infants. 
They immediately supply enough humidity to pre- 
vent tracheal damage and, after ~1 h of anesthesia, 
provide a relative humidity similar to that of active 
systems. 


The authors greatly appreciate the editorial advice of Winifred von 
Ehrenburg. 
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Intraneural Recording of Muscle Sympathetic Activity During 


Epidural Anesthesia in Humans 
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LUNDIN S, WALLIN BG, ELAM M. Intraneural recording 
of muscle sympathetic activity during epidural anesthesia 
in humans. Anesth Analg 1989;69:788-93. 


The extent and magnitude of sympathetic blockade during 
epidural anesthesia have previously been assessed only by 
indirect methods. In this study, direct intraneural recordings 
of muscle sympathetic activity (MSA) in the peroneal nerve 
was performed to determine the profundity of blockade of 
sympathetic fibers to the lower extremities during epidural 
anesthesia. Lumbar epidural catheters were inserted in nine 
volunteers. Multiunit postganglionic sympathetic activity 
was recorded in a muscle fascicle of the peroneal nerve before 
and after epidural injection of 4 mL of 2% mepivacaine 


Introduction 


The profundity and extent of sympathetic blockade 
accompanying regional anesthesia are a matter of 
controversy (1). A number of indirect methods moni- 
toring sympathetic effector organ function have been 
used to evaluate changes of sympathetic activity dur- 
ing regional anesthesia. Sudomotor function has been 
assessed with sweat tests (2) and recordings of skin 
resistance (3), whereas peripheral vasomotor function 
has been monitored with use of digital pulse-wave 
measurements (4), laser Doppler flowmetry (5), xenon 
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followed by an additional 12-16 mL ater 5 min. Apnea 
(30-60 s) was used to elicit transient sympathetic activation. 
The upper level of sensory blockade was T-3 te T-10. Muscle 
sympathetic activity decreased after epicural blockade with 
no spontaneous or apnea-induced sympathetic bursts ob- 
served later than 11 min after injection of the initial test dose. 
Sympathetic blockade was accompanied by increase in foot 
skin blood flow as well as loss of skin resistartce responses to 
arousal. Results show that epidural anesthesia with sensory 
blockade above T-10 to T-11 blocks spontaneous peroneal 
MSA as well as the marked sympathetic activation induced 


by apnea. 


Key Words: ANESTHETIC TECHNIQUES, 
EPIDURAL—sympathetic block. 


133 clearance (6), skin temperature recordings (6,7), 
and measurements of central hemodynamics (8,9). 

It has been suggested (10) that epidural anesthesia 
is associated with a reduction in sympathetic neural 
traffic rather than with a complete blockade of sym- 
pathetic fibers. Based on studies of skin resistance 
changes as an index of efferent sympathetic nerve 
activity, it has also been claimed that both epidural 
and spinal anesthesia may have a pcor blocking effect 
even on sympathetic outflow to the lower extremities 
(11). To test this notion, we have made direct intra- 
neural recordings of muscle sympathetic activity 
(MSA) in the peroneal nerve in humans during 
epidural anesthesia. Apnea tests were used to tran- 
siently increase sympathetic nerve activity and chal- 
lenge the neurogenic blockade. Changes in skin 
blood flow and skin resistance were also monitored in 
some subjects to assess changes in cutaneous sympa- 
thetic effector organ function. 


Methods 


Experiments were performed on nine healthy volun- 
teers, eight men and one woman, aged 24-39 yr. 
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Written informed consent was given by all subjects 
and the investigation was approved by the Human 
Ethics Committee, University of Göteborg. 


Recording of Muscle Sympathetic Nerve Activity 


Multiunit efferent postganglionic sympathetic activity 
was recorded with use of a tungsten microelectrode 
with a tip diameter of a few microns, inserted in a 
muscle fascicle of the peroneal nerve at the fibular 
head. A reference electrode was inserted subcutane- 
ously 1-2 cm away from the recording electrode. 
When a muscle nerve fascicle had been identified (see 
below), small electrode adjustments were made until 
a site was found in which sympathetic impulses 
could be recorded. Criteria for muscle sympathetic 
activity were (a) weak electrical stimulation (0.5-1.5 
V, 0.2 s, 1 Hz) through the intraneural electrode 
elicited involuntary muscle contractions but not cuta- 
neous paresthesia; (b) tapping or stretching of the 
muscle innervated by the impaled fascicle elicited 
afferent mechanoreceptor discharges, whereas strok- 
ing the skin within the distribution area of the pero- 
neal nerve did not evoke afferent impulses; and (c) 
the neurogram displayed spontaneous intermittent 
and pulse synchronous bursts characteristic of MSA. 
Evidence for the sympathetic nature of this activity 
has been established previously (12) and include (a) 
blockage of nerve activity by injection of lidocaine 
around the nerve proximal to the recording point but 
not by injection distal to the recording point, proving 
that the impulses are efferent; (b) conduction veloci- 
ties of ~1 m/s, a value typical of sympathetic fibers; 
and (c) reversible blockage of impulse traffic along the 
nerve by intravenous ganglionic blockers. 

The original nerve signal was fed through a band 
pass filter with a band width of 700-2000 Hz. Both 
filtered and mean voltage neurograms [obtained by 
passing the filtered neurogram through a resistance- 
capicatance (RC) integrating network with a time con- 
stant of 0.1 s] were stored together with records of 
electrocardiography, skin blood flow, galvanic skin 
response (GSR), and respiratory movements on an FM 
tape recorder (Sangamo Sabre VI; Sangamo-Weston 
Schlumberger, Sarasota, Fla.). All variables recorded 
were also displayed on an ink-jet recorder (modified 
Mingograph 800; Siemens-Elema Ltd., Solna, Sweden) 
with a paper speed of 3 mm/s. Records were divided 
into 1-min periods and, for each period, the number of 
pulse synchronous bursts in the mean voltage neuro- 
gram was counted and the nerve activity was ex- 
pressed as bursts per minute. Measurements of burst 
amplitudes were also made from the chart and ex- 
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pressed as mean burst amplitude per minute in per- 
cent of the mean value during the 8-min baseline 
period. 


Skin Blood Flow Measurements 


In five subjects, skin blood was monitored contin- 
uously with use of laser Doppler flowmetry (Periflux; 
Perimed AB, Stockholm, Sweden) with a frequency: 
limit of 4 kHz and a time constant of 0.2 s. Electrical 
calibration for zero blood flow was made in all record- 
ings. Several gains for the analogue output were 
available via switches. The maximal output of a given 
gain level (defined electrically) was taken as 100%. The 
analogue output of the flowmeter gives no absolute 
value but shows relative changes of the flux of red 
blood cells (for technical details and evaluation of the 
laser Doppler flowmeter, see References 13-15). The 
laser Doppler probe was placed on the plantar side of 
the great toe of the leg used for MSA recording. 


Galvanic Skin Response 


In four subjects, changes in skin resistance to arousal 
stimuli (see Procedure and References 11 and 12) 
were monitored by modified van Gough GSR mod- 
ules (type IGSR/7A AC coupled). Silver/silver chlo- 
ride (Ag/AgCl) electrodes were fixed to glabrous skin 
both on the foot and on the hand ipsilateral to the 
MSA recordings. 

Blood pressure and heart rate were measured 
automatically every 3-5 min by sphygmomanometry 
(Nippon Colin, Sphygmomanometer BP-203, W. A. 
Baum Co., Inc.) from the left arm at heart level. An 
electrocardiogram was recorded by surface electrodes 
on the chest, and respiratory movements were mon- 
itored with a strain gauge attached to a rubber strap 
around the chest. 


Procedure 


The subjects received no premedication or intrave- 
nous fluids. Significant hypotension (systolic pres- 
sure <90 mm Hg) was treated with ephedrine (10 mg 
IV). After filtration of the skin with 2 mL of 1% 
mepivacaine, epidural puncture was performed at 
the L2-3 or L3—4 interspace and an epidural catheter 
was inserted 3—4 cm into the epidural space. With the 
subjects in a comfortable supine position, continuous 
recordings of electrocardiograms, respiratory move- 
ments, blood pressure, heart rate, GSR, and skin 
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Figure 1. Muscle sympathetic activity (MSA) from the left pero- 
neal nerve, skin blood flow in the left big toe, and galvanic skin 
responses (GSR) in the left hand and foot during the initial stage of 
epidural anesthesia with 2% mepivacaine. Note the characteristic 
pulse-synchronous sympathetic bursts in the mean voltage neuro- 
gram. A 4-mL test dose (not shown) was given 5 min before the 
13-mL dose. The decrease in MSA had started before the second 
injection. No detectable sympathetic bursts occurred later than 11 
min after the test dose. Note that GSRs were abolished in the foot 
but were unaltered in the hand during the blockade. The increase 
in skin blood flow that started ~6 min after the test dose became 
maximal 20 min after the test dose (not shown). 


blood flow were initiated. Subsequently, the peroneal 
nerve was located at the fibular head and a recording 
of MSA initialized. Baseline sympathetic activity was 
recorded for 8 min after which a test dose of 4 mL of 
2% mepivacaine solution was injected epidurally, 
followed 5 min later by an additional bolus dose 
(adjusted to age) of 12-16 mL (13.4 + 0.4 mL). Upper 
level of sensory blockade on the same side of the 
body as the nerve recording was determined as the 
most cephalad dermatome at which analgesia to 
pinprick occurred. During epidural blockade, afferent 
mechanoreceptor discharge (evoked by tapping or 
stretching the muscle innervated by the impaled 
fascicle) was tested at intervals and used as a criterion 
for unaltered electrode position. 

Maximal voluntary apnea (30-60 s in duration), a 
procedure that markedly increases muscle sympa- 
thetic discharge, was performed before, during, and 
after epidural anesthesia to challenge the neurogenic 
blockade. Arousal stimuli such as sudden unexpected 
sounds or touches were used intermittently to elicit 
changes in skin resistance (GSR). 
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Statistics 


Values are presented as mean + sEM. The Wilcoxon 
sign rank test was used for statistical analyses. The 
level of P < 0.05 was chosen for statistical significance 
for all tests. 


Results 


The maximal upper segmental levels of sensory 
blockade obtained 30-45 min after the test dose were 
T-7 + 1 and ranged from T-3 to T-10. Epidural 
blockade was associated with a slight increase (NS) in 
heart rate from 63 + 2 beats/min before to 68 + 3 
beats/min 30 min after the test dose. Systolic blood 
pressure decreased from 120 + 2mm Hg before to 113 
+ 3mm Hg (P < 0.05) 30 min after the test dose. The 
decrease in diastolic pressure was from 71 + 2 to 67 + 
2mm Hg (NS). In one subject (with a sensory block to 
T-3) ephedrine (10 mg IV) was given 14 min after the 
test dose because of a decrease in blood pressure to 
85/45 mm Hg. 

Figure 1 shows a typical recording of muscle sym- 
pathetic activity, skin blood flow, and changes in skin 
resistance during the development of epidural block- 
ade in one subject. In each subject, the basal level of 
MSA remained fairly constant during the 8-min base- 
line period, but the level differed markedly between 
subjects (mean, 37 + 4 bursts/min; range, 20-51 
bursts/min; n = 9). Soon after the test dose of local 
anesthetic was injected epidurally, the number of 
sympathetic bursts started to decrease and no detect- 
able sympathetic activity remained 8 + 1 min (range, 
5-11) after the test dose, i.e., 0-6 min after the full 
dose. Findings were similar in all subjects (n = 9), 
and Figure 2 shows the time-course of the effects for 
the number of bursts per minute (left) and mean 
burst amplitudes (right). 

Apnea before, during, and after the blockade tran- 
siently increased sympathetic activity and challenged 
the neurogenic blockade (Figure 3). Before the epidu- 
ral block, marked increases in all subjects were ob- 
served in the number of sympathetic bursts and in 
their mean voltage amplitude toward the end of a 
30-60-s apnea. During the blockade, no detectable 
sympathetic activity was provoked by apnea later 
than 11 min after the test dose, i.e., 6 min after the 
full dose of epidural mepivacaine. 

Loss of afferent mechanoreceptor discharge (tested 
by tapping or stretching the muscle innervated by the 
impaled fascicle), indicating a change in electrode 
position, occurred in five MSA recordings 19, 39, 69, 
71, and 86 min after the test dose, respectively. In the 
remaining four subjects, there was a gradual return of 
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Figure 3. Effects of epidural mepivacaine anesthesia on spontane- 
ous muscle sympathetic activity (MSA) and the MSA response 
during apnea. Note the successive decrease in MSA 10 and 20 min 
after epidural mepivacaine including loss of apnea-induced excita- 
tion. The lower trace shows the return of spontaneous MSA and 
apnea-induced activation, concomitant with regression of sensory 
blockade to T-11. 


MSA with the first spontaneous sympathetic bursts 
occurring 66, 83, 97, and 115 min after the test dose, 
respectively (Figure 3). At that time, upper segmental 
levels of the sensory blockade had regressed to T-11 
(three subjects) and T-10 (one subject). After regres- 
sion of the epidural blockade, apnea-induced sympa- 
thetic activation returned in all four subjects (Fig- 
ure 3). 

As illustrated in Figure 1, skin blood flow started 
to increase 5.0 + 0.3 min after the test dose (n = 5). 
The maximal increase in skin blood flow was reached 


ANESTH ANALG 791 
1989;69:788-93 


4m! Mepivacaine 
| = 12-16 mi Mepivacaine 






(n=9) 






40 


20 


MSA (amplitude, % of control) 
8 


7-675-432-1071 23 45 67 S88 Ot 2B 
Time (min) 


Figure 2. The effect of epidural mepivacaine anesthesia on muscle 
sympathetic activity (MSA) as measured by the number of spon- 
taneous pulse-synchronous sympathetic bursts per minute (left 
panel) and their mean voltage amplitudes (right panel). Results are 
expressed as a percentage of the mean value during the 8-min 
control period and represent mean + SEM (n = 9). The test dose 
was injected at 0 min and the second dose at 5 min. 


20 + 2 min after the test dose when blood flow was 
11 + 3 times higher than the baseline levels. 

Before epidural blockade, arousal stimuli evoked 
typical decreases in skin resistance in both the foot 
and the hand (Figure 1). Epidural blockade, with an 
upper maximal sensory level of T-3 to T-9, was 
associated with loss of GSRs to arousal stimuli in the 
foot but not in the hand in all four subjects tested. 


Discussion 


We found that epidural anesthesia with a maximal 
upper level of sensory blockade at T-3 to T-10 elimi- 
nated spontaneous MSA in the peroneal nerve and 
abolished the sympathetic activation induced by ap- 
nea. The anesthesia was accompanied by increased 
skin blood flow and loss of GSRs to arousal in the foot 
but not in the hand. 

It has been shown previously (16) that in a given 
subject the number of sympathetic bursts per minute 
in muscle nerves is remarkably constant not only 
during a whole experiment but even when recordings 
are repeated at intervals of weeks and months. Also 
in the present study, sympathetic activity was stable 
during the 8-min baseline period, whereas the anes- 
thesia induced a successive disappearance of MSA 
starting within 5 min of the injection of the test dose 
of mepivacaine. In the four subjects in whom the 
recording site was maintained, sympathetic nerve 
traffic returned as anesthesia wore off. These findings 
show conclusively that the disappearance of MSA 


after the mepivacaine injection was not an artifact 
due to loss of the recording site. 

The concept (17,18) that epidural and spinal anes- 
thesia result in a complete block of sympathetic nerve 
activity of at least the same extent as that of the 
sensory block has been questioned (3,5,10,11). Brom- 
age (10) stated that epidural blockade usually is not a 
complete block of sympathetic fibers but merely a 
reduction in neural traffic. This view was based on 
recordings of sympathetic end-organ activities as 
markers of changes in neural traffic (see Introduc- 
tion). It was suggested that “idle” efferent sympa- 
thetic fibers escaping epidural blockade within the 
segmental territory of sensory blockade could be 
recruited after an increase in vasomotor activity 
within the central nervous system (10). Based on 
studies using recordings of skin resistance changes as 
an index of efferent sympathetic changes, it has also 
recently been suggested (11) that both epidural and 
spinal anesthesia may have a poor blocking effect 
even on sympathetic outflow to the lower extremi- 
ties. In our multiunit recordings of sympathetic activ- 
ity, no impulses were seen in original or mean 
voltage neurograms either at rest or during the ap- 
nea, which before blockade induced a powerful sym- 
pathetic activation. In addition, during the anesthesia 
no cutaneous sympathetic effector responses to 
arousal were evoked in the foot, although they did 
occur in the hand. Together these findings show that 
the sympathetic fibers to the lower extremities were 
completely blocked when sensory anesthesia was 
present up to or above the T-10 level. 

Studies on the autonomic effects of spinal anesthe- 
sia have given variable results. Chamberlain and 
Chamberlain (7) observed that spinal anesthesia led 
to temperature elevations in six to seven segments 
above the level of sensory blockade, i.e., results 
suggesting that the sympathetic block was more 
widespread than the sensory one. One should re- 
member, however, that changes of skin temperature 
provide a complex measure of sympathetic function, 
especially when core temperature changes. Further- 
more, the regulation of skin blood flow varies mark- 
edly with variations in ambient temperature (18). In 
contrast to the results of Chamberlain and Chamber- 
lain (7), Bengtsson et al. (3) and Malmavist et al. (19), 
in evaluating sympathetic blockade by monitoring 
skin conductance responses, reported that spinal 
anesthesia (upper sensory level T-4 to T-6) produced 
complete blockade of sympathetic fibers to the foot in 
only 60% of patients. Future studies with recordings 
of skin resistance changes to arousal, together with 
direct recordings of sympathetic activity, are needed 
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to further investigate the degree of sympathetic 
blockade during spinal anesthesia. 

With one exception, the epidural blockade in the 
present study was associated with only modest 
changes in blood pressure and heart rate. It seems 
likely that hemodynamic stability was maintained by 
compensatory vasoconstriction cephalad to the area 
of sympathetic blockade (20). This emphasizes the 
difficulty in drawing conclusions about the profun- 
dity or extent of sympathetic blockade from measure- 
ments of central hemodynamics (&10), particularly 
because the systemic effects of the local anesthetic 
may contribute to the circulatory changes seen during 
epidural anesthesia (21). 

In conclusion, this study shows that epidural an- 
esthesia with 2% mepivacaine witt. a sensory block- 
ade above the T-10 to T-11 level is associated with a 
complete blockade of sympathetic fibers to the lower 
extremities as measured by intraneurally recorded 
MSA in the peroneal nerve. The sympathetic block- 
ade was paralleled by skin vasodilation and a loss of 
sudomotor function within the anesthetized area. 


The authors thank the staff at Section 2 of the Department of 


Anesthesia and Intensive Care and Engineer Tomas Karlsson at the 
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the conscious dog. Anesth Analg 1989;69:794-801. 


This study evaluated the systemic toxicity, arrhythmoge- 
nicity, and mode of death of convulsant and supraconvul- 
sant doses of lidocaine, buptvacaine, and ropivacaine. Ex- 
periments in awake dogs were designed to mimic the clinical 
situation of an accidental intravenous (IV) injection of local 
anesthetics. 

On the first experimental day, lidocaine (8 mgkg™?- 
min~"), bupivacaine (2 mg-kg~!-min™"), and ropivacaine 
(2 mekg™*-min~') were infused intravenously until sei- 
zures occurred (n = 6 for each group). The average dose and 
arterial plasma concentration at seizure onset was 20.8 + 
4.0 mg/kg and 47.2 + 5.4 pg/mL for lidocaine, 4.31 + 
0.36 mg/kg and 18.0 + 2.7 pg/mL for bupivacaine, and 
4.88 + 0.47 mgikg and 11.4 + 0.9 g/mL for ropivacaine. 

The margin of safety between the convulsive and lethal 
doses was determined by administering two times the 
convulsive dose 24 h later. Two dogs given lidocaine died 
because of progressive hypotension, respiratory arrest, and 
finally cardiovascular collapse with an average peak plasma 
concentration (Cmax) of 469 ug/mL. No ventricular ar- 
rhythmias were observed in this group. Ventricular ar- 


Bupivacaine has been implicated in the production of 
ventricular arrhythmias and cardiovascular collapse 
in humans (1-4). In vivo and in vitro laboratory 
studies indicate that bupivacaine may be more car- 
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rhythmias occurred in five of six dogs receiving bupiv- 
acaine. Four animals died because of :ypotension, 
respiratory arrest, and cardiovascular collapse. One addi- 
tional animal died because of ventricular fibrillation. The 
Cmax for bupivacaine was 70.1 + 14.6 ug/n.L in nonsur- 
vivors. In the ropivacaine group one animal died because of 
hypotension, respiratory arrest, and cardiovascular collapse 
(Cmax = 72.4 pgimL). A surviving dog aad transient 
premature ventricular contractions. 

Twenty-four hours later three times the convulsive dose 
was administered to the survivors. Death occurred in three 
animals in the lidocaine group, the remaining dog in the 
bupivacaine group, and four dogs in the ropivacaine group. 
All deaths were due to hypotension, respiratory arrest, and 
subsequent cardiovascular collapse. Ventricular arrhyth- 
mias were observed in two dogs in the ropivacaine group 
and the single dog receiving bupivacaine. The results 
suggest that the convulsive doses for ropivacaine and 
bupivacaine are similar. However, ropivacaine may possess 
a greater margin of safety and be less arrhythmogenic than 
bupivacaine after an accidental rapid IV injection. Only 
lidocaine was devoid of arrhythmogenic activity. 


Key Words: ANESTHETICS, LOCAL, 
Toxiciry—-bupivacaine, ropivacaine, lidacaine. 
TOXICITY, LOCAL ANESTHETICS—bupivacaine, 
ropivacaine, lidocaine. 


diotoxic than other local anesthetics such as lidocaine 
when equipotent anesthetic doses are utilized (5-12). 
The data also suggest that the margin of safety 
between the onset of central nervous system (CNS) 
toxicity and cardiovascular collapse is less for bupiv- 
acaine than for lidocaine (6,13-15), an observation 
that may be related to the arrhythmogenic potential 
of bupivacaine. 

Recently a new amino-amide local anesthetic 
agent, ropivacaine, has become available. In animal 
studies, ropivacaine appears equipotent to bupiv- 
acaine with regard to sensory anesthesia, but slightly 
less potent than bupivacaine in terms of motor block- 
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ade (16,17). Its physicochemical properties are also 
similar to those of bupivacaine (17,18). 

The current study was designed to evaluate the 
relative systemic toxicity, arrhythmogenic potential, 
and mode of death associated with the administration 
of convulsant and supraconvulsant doses of 
lidocaine, bupivacaine, and ropivacaine. Unpremed- 
icated and unanesthetized dogs were employed to 
mimic the clinical situation in which a rapid acciden- 
tal intravenous (IV) injection of a local anesthetic 
agent occurs in patients during an attempted regional 
anesthetic procedure. Premedication with an agent 
such as diazepam and general anesthesia can alter the 
toxic profile of local anesthetic drugs. For example, 
ventricular arrhythmias, which have been reported in 
humans (1-4) and conscious animals (15), were not 
seen in anesthetized dogs receiving large IV doses of 
bupivacaine (12). Resuscitation of animals was not 
attempted as the protocol was designed to investigate 
the mode of death and determine the relative margin 
of safety of these agents. The results obtained indi- 
cate that differences in arrhythmogenic potential and 
margin of safety do exist between these local anes- 
thetics. 


Methods 


Eighteen adult, male beagle dogs weighing 12.5 + 3.5 
kg (mean + SEM) were randomly assigned to one of 
three drug treatment groups. Animals used in this 
study were maintained in accordance with the guide- 
lines of the Committee on Animals in Research of the 
Harvard Medical School and those prepared by the 
Committee on Care and Use of Laboratory Animals of 
the Institute of Laboratory Animal Resources, Na- 
tional Research Council (Department of Health and 
Human Services). Approval of the Animal Care Com- 
mittee was obtained. 

Forty-eight hours before experimentation, animals 
were anesthetized with IV thiamylal and polyethyl- 
ene catheters were surgically introduced into the 
abdominal aorta and inferior vena cava via the fem- 
oral vessels utilizing aseptic techniques. A similar 
catheter was placed in a forelimb vein and a short- 
ened pulmonary artery catheter introducer was in- 
serted in the right external jugular vein for subse- 
quent placement of an internal electrocardiogram 
(ECG) recording lead. Catheters were flushed with 
heparinized saline and sealed. Animals were treated 
with 600,000 U of intramuscular (IM) penicillin G 
benzanthine suspension and allowed a 48-h recovery 
period before the first administration of local anes- 
thetic. 
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The order of drug administration was determined 
by a random draw so that at the end of the study six 
animals had received ropivacaine, six received bupiv- 
acaine, and six received lidocaine. Each animal re- 
ceived the same local anesthetic on up to 3 consecu- 
tive days. Personnel involved with the administration 
of drug and analysis of data were blinded to the 
identity of the drug and order of administration. 
Stock solutions of the local anesthetics were 0.75% 
ropivacaine HCI, 3.0% lidocaine HCl (Astra Pain 
Control, Sodertalje, Sweden), and 0.75% bupivacaine 
HCI (Sensorcaine, Astra Pharmaceutical Products, 
Inc., Westborough, Mass.). Drug solutions were di- 
luted to required concentrations using sterile water 
for injection. 

On the day of study, animals were weighed and 
placed in a canvas sling in the standing position. The 
femoral catheters were flushed with heparinized sa- 
line and attached to the appropriate precalibrated 
transducers for recording blood pressures. Two ECG 
recordings were made simultaneously, one from a 
standard limb lead II and the other from a bipolar 
electrode catheter. The bipolar catheter was passed 
through the introducer in the jugular vein and ad- 
vanced slowly toward the heart until an optimal ECG 
recording was observed. Respiratory rate was moni- 
tored using a chest plethysmograph. Measurements 
were made from recordings on a polygraph (model 7, 
Grass Instrument Co., Quincy, Mass.) at various time 
intervals during each experiment. 

On the first experimental day the animals received 
an IV infusion of either bupivacaine (2.0 mgkg~*: 
min’), ropivacaine (2.0 mg*kg~*min~’), or lidocaine 
(8.0 mg:kg~*-min~’). Infusion rates were based on 
rates utilized in similar studies in sheep (6,7). Infu- 
sions were administered by a syringe infusion pump, 
calibrated to deliver 4.0 mL/min, until overt seizure 
activity was observed, at which time the infusion was 
terminated. The volume of drug infused was used to 
calculate the convulsive dose. Twenty-four hours 
after the first administration of test drug the animals 
received an intravenous bolus injection given over 
30-45 s of two times the convulsive dose calculated 
from the previous day’s infusion. On the third exper- 
imental day, the remaining animals received three 
times the convulsive dose as a bolus injection. These 
injections were administered to determine the margin 
of safety between a convulsive dose of drug and a 
cardiotoxic/lethal dose. 

Animals that developed continual seizure activity 
for 15 min were given an IV injection of 4.0 mg/kg of 
thiamylal. This was done for two reasons. First, 
based on previous studies, it was believed that any 
sudden onset of severe arrhythmias or death would 


occur within the first 15 min after the injection of test 
drug and there was no reason to prolong seizure 
activity (15). Although such a duration of seizure 
activity should not occur in a clinical setting, the 
possibility of the occurrence of arrhythmias over this 
time period could be investigated without the inter- 
ference of drug interactions. Second, this procedure 
would provide information regarding the ability of 
barbiturates to terminate local anesthetic-induced sei- 
zures. Animals were observed for at least 30 min after 
the cessation of seizures. 

At regular intervals throughout the course of each 
experiment, arterial blood samples were withdrawn 
for determination of pH, Pao, Paco,, and drug 
concentration determinations. Venous blood hemato- 
crit was also measured. Blood samples for drug 
concentration analysis were centrifuged to obtain 
plasma, which was stored at —20°C until required for 
analysis. Determination of local anesthetic concentra- 
tions was performed by Astra Pain Control utilizing 
gas chromatographic methods. Concentrations are 
expressed as micrograms of drug base per milliliter of 
plasma. Additionally, arterial blood pressure, ECG, 
and respiratory rate were recorded. From the re- 
corded data, heart (HR) and respiratory rate, P-R, 
QRS, and QT intervals of the ECG, and mean arterial 
blood pressure (MABP) were determined. The ECG 
interval measurements were made from the lead I 
ECG recording with the strip chart speed set at 100 
mm/s. Data are expressed as mean + sEM. Predrug 
control data consist of the mean value of four predrug 
measurements in each of the six dogs in each group. 
All other mean data consist of six values unless noted 
otherwise. Statistical analyses were performed using 
analysis of variance, and Student's t-tests for paired 
and unpaired data where appropriate. A Fisher exact 
probability test was used to compare incidence of 
death and arrhythmias between groups. Statistical 
significance was attained at P = 0.05. 


Results 
Infusion Studies 


The mean dose to cause seizures in the bupivacaine- 
treated animals was 4.31 + 0.36 mg/kg, compared 
with 4.88 + 0.47 mg/kg in the ropivacaine group and 
20.8 + 4.0 mg/kg in the lidocaine group (Table 1). 
There was no significant difference between the con- 
vulsive doses of bupivacaine and ropivacaine. How- 
ever, both agents produced convulsions at doses 
significantly lower than did lidocaine (P < 0.01). 
Although the duration of seizure activity was longest 
in the bupivacaine-treated animals (307 + 39 s) as 
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Table 1. Mean Onset and Duration of Seizures After 
Intravenous Infusion of Local Anesthetics 


Dose Duration 

(mg/kg) Cnset (5) (8) 
Bupivacaine 4.31 + 0.36 130 + 10 307 + 39 
Ropivacaine 4.88 + 0.47 149 + 14 190 + 53 
Lidocaine 20.8 + 4.0° 150 + 31 200 + 58 


Values given as mean + sgm (n = 6). Onset of seizures is from start of 
infusion; duration of seizures is from onset. 
“P < 0.01 compared with bupivacaine and ropivacaine. 


compared with the lidocaine grcup (200 + 58 s) and 
the ropivacaine group (190 + 53 sj, no statistically 
significant difference existed among the groups (n = 
6 in each group). 

Predrug baseline values in this study were not 
significantly different among the groups (Table 2). 
Heart rates in both the bupivacaine- and ropivacaine- 
treated dogs did not change significantly after start- 
ing the infusion, whereas in lidocaine-treated animals 
there was an initial significant increase in HR. Signif- 
icant increases in HR were observed in all treatment 
groups at the start of seizure activity. Increases in HR 
at this time ranged from 29% in the bupivacaine 
group (from 117 + 4 to 151 + 10 beats/min) to 47% 
and 53% in the lidocaine-treated (fram 121 + 3 to 178 
+ 15 beats/min) and ropivacaine-treated (from 122 + 
4 to 187 + 17 beats/min) animals. There was no 
significant difference in the increase observed be- 
tween the three groups. Within = min of the cessation 
of seizure activity, HRs had returned to predrug 
control values. 

No significant change in the P-R :nterval occurred 
in the ropivacaine-treated animals, whereas a signif- 
icant prolongation of the P-R interval was observed in 
the bupivacaine group (from 86 + 2 to 114 + 3 ms) at 
the time seizures began. The lidocaine treatment 
group showed a significant decrease in the P-R inter- 
val (from 97 + 2 to 90 + 3 ms). There were no 
significant increases in the QRS interval observed in 
any of the groups at the time seizures began. The QT 
interval shortened in all treatment groups at the time 
seizures began, but this reached statistical signifi- 
cance only in the lidocaine group (from 200 + 3 to 178 
+ 6 ms). There was, however, no difference in the 
degree of decrease between the three groups. 

Arrhythmias observed during the infusion studies 
consisted of an occasional rare incidence of prema- 
ture ventricular contractions observed in some ani- 
mals during the predrug contro. period. These were 
probably due to mechanical simulation from the 
internal ECG electrode and were considered benign. 
One animal in the ropivacaine treatment group de- 
veloped a 15-s burst of ventricular tachycardia 1 min 
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Table 2. Summary of Results of Intravenous Infusions of the Convulsive Dose of Bupivacaine, Ropivacaine, 


and Lidocaine 








Bupivacaine Ropivacaine Lidocaine 
HR C 117 £ 4 122 t 4 121 +3 
(beats/min) SS 151 + 10° 187 + 17 178 + 15° 
SES 103 +7 102 + 6 118 + 6 
P-R C 96 +2 99 + 4 97 +2 
(ms) SS 114+ 3 105 + 3 (4) 90 + 3* (5) 
5ES 108 +5 104+ 8 95 + 2 
QRS C 59 +] 62 +1 59 +1 
(ms) Ss 69 +4 64 + 2 (4) 58 +2 (5) 
5ES 63 +2 63 + 2 66 + 0 
QT C 207 + 4 202 +3 200 + 3 
(ms) SS 195 + 3 180 + 7 (4) 178 + 6" (5) 
5ES 213 + 4 207 + 6 196 + 5 
MAPB C 130 +2 129 + 2 132 +2 
(mm Hg) SS 188 + 17 195 + 18* 164 + 16 
5ES 128 + 7 137 + 5 134 + 6 
pH C 7.44 + 0.01 7.46 + 0.00 7.45 + 0.01 
3SS/1SS/SS 7.40 + 0.0% (5) 7.33 + 0.02 7.43 + 0.02 
5ES 7.41 + 0.01 7.39 + 0.02 7.39 + 0.01 
C 04 + 2 92 +2 93 + 2 
(mm Hg) Ss 90 +9 61 + 8 96 + 10 
5ES 99 +3 94 + 4 97 +5 
Paco, C 32 +1 30 4+1 30 +1 
(mm Hg) SS 27 +3 35+ 2 30 + 2 
5ES 26 + 2 26 + 3 29+1 
Hematocrit C 44+2 42 +2 43 +1 
(vol %) ES 54+ 1° 52 t 2 49 + 1" 
5ES 50+1 48 +1 47 +1 


Values are mean + SEM. 


C, A ee pH, Na, and K which have an n of 12. All other values have an n = 6 unless noted otherwise parenthetically. 


SS, 155, 3SS, start of selzures, 1 and 3 
mo Cle Ga a el pee 


after the onset of seizures that then spontaneously 
reverted to normal sinus rhythm. 

A statistically significant increase in MABP was 
observed in the bupivacaine (from 130 + 2 to 188 + 17 
mm Hg) and ropivacaine (from 129 + 2 to 195 + 18 
mm Hg) groups during the first 3 min of seizures 
(Table 2). The increase seen in the lidocaine group at 
this time was not statistically significant (from 132 + 
2 to 164 + 16 mm Hg). These increases in MABP were 
not significantly different among the groups. Within 
5 min after cessation of convulsive activity, MABP 
had returned to near predrug baseline values. 

Significant decreases in pH occurred at 1 min after 
the onset of seizures in the ropivacaine group (from 
7.46 + 0.00 to 7.33 + 0.02) and 3 min after the onset 
of seizures in the bupivacaine group (from 7.44 + 
0.01 to 7.40 + 0.02), whereas the lidocaine treatment 
group showed decreases in pH (from 7.45 + 0.01 to 
7.43 + 0.02) that were not statistically significant 
(Table 2). Minimum mean pH values for the three 


min after seizures have started, respectively. SES, 5 min after seizures have stopped. 


groups ranged from 7.31 to 7.38. The ropivacaine 
group developed a significantly greater decrease in 
pH (2.0% + 0.1%) than did the bupivacaine group 
(0.9% + 0.3%). Within 3 min of cessation of seizures, 
pH had returned to predrug control values. 

The ropivacaine group had a transient, but signif- 
icant decrease in Pao, of 34% (from 92 + 2 to 61 + 8 
mm Hg) below predrug baseline values at the onset 
of seizure activity (Table 2). No significant changes in 
Pao, were observed during seizure activity in the 
bupivacaine or lidocaine groups. There was a return 
to control values or a slight increase in Pao, observed 
in all groups at the time seizures ceased. 

The ropivacaine-treated group also had demon- 
strated a significant 17% increase in Paco, (from 30 + 
1 to 35 + 2 mm Hg) at the time convulsions began. In 
bupivacaine-treated animals Paco, decreased 16% 
(from 32 + 1 to 27 + 3 mm Hg) at the time seizures 
began, a change that reached significance after 3 min 
of convulsive activity, whereas the lidocaine-treated 
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Table 3. Arterial Plasma Drug Concentrations at the Start 
and End of Seizure Activity After Intravenous Infusion 


Concentration (ug drug base/mL) 


Start seizures End seizures 


—_——_—_———————————EEeEEeEeeeeeSFSFSFSSSSSSSsmsmsmsfFhFeFeseseF 





Bupivacaine 18.0 + 2.7 3.22 £ 0.31 

Ropivacaine 11.4 + 0.9° RI = 0.21 

Lidocaine 47.2 + 5.4° 9.81 + 1.20° 
Values given as mean + SEM (n = 6). 


“P < 0.05 compared with bupivacaine. 
PP < 0.05 compared with bupivacaine and ropivacaine. 


animals showed no change in Paco, (from 30 + 1 to 
30 + 2 mm Hg). Within 3 min after seizures stopped, 
Paco, values in all three groups had returned to 
predrug control values. Venous hematocrit was sig- 
nificantly increased in all treatment groups by the 
time seizures ended. Within 5 min of the cessation of 
seizures, hematocrit values had returned toward nor- 
mal. 

Lidocaine plasma concentrations were greater than 
those of bupivacaine and ropivacaine at both the start 
and end of seizures (Table 3). The mean arterial 
ropivacaine plasma concentration at the onset of 
seizures was significantly less than for bupivacaine 
but there was no difference in concentrations at the 
end of seizures. In general, the concentration versus 
time profiles were very similar for both bupivacaine 
and ropivacaine. 


Bolus Injection Studies 


Table 4 presents a summary of the results of the IV 
bolus injection of two times the convulsant dose. 
Predrug control values on the day of the two-times 
convulsive dose bolus injections were similar to those 
observed on the day of the infusion study. Convul- 
sions were observed in all animals (n = 6 in each 
group) receiving two times the convulsive dose. One 
animal in the lidocaine group and one in the ropiv- 
acaine group spontaneously ceased convulsive activ- 
ity at 514 and 805 s after the start of seizures. 

There were five deaths in the bupivacaine group at 
two times the convulsive dose. The mean time of 
death was 218 + 50 s after the start of injection. Four 
of these animals developed ventricular arrhythmias 
consisting of premature ventricular contractions, 
atrioventricular dissociation, ventricular tachycardia, 
or ventricular fibrillation, alone or in combination. 
The sole survivor in this group also had ventricular 
arrhythmias. Four of the animals succumbed to hy- 
potension, respiratory arrest, and cardiovascular col- 
lapse. One dog developed primary ventricular fibril- 
lation 84 s after the start of drug administration. 
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Severe hypotension and respiratory arrest, and 
ultimately asystole, developed in two animals in the 
lidocaine group. There were no ventricular arrhyth- 
mias in this group. Ventricular arrhythmias devel- 
oped in two dogs given ropivacaine. One dog 
showed an 8-s burst of ventricular tachycardia ~30 s 
after seizures began. This animal had occasional 
premature ventricular contractions for an additional 
60 s at which time respiratory arrest occurred. Blood 
pressure rapidly dropped and finally, 3 min later, the 
ECG showed an agonal rhythm of ventricular fibril- 
lation. The second dog had developed atrioventricu- 
lar dissociation and ~3 min of multifocal ventricular 
rhythm that spontaneously terminated. This dog, as 
well as the other seven animals with prolonged 
seizures, was treated with 4 mg/kg IV thiamylal after 
15 min of seizure activity. This promptly caused overt 
seizure activity to cease, sedated the animal, and 
allowed a quiet recovery period. Analysis of the 
incidence of death at this dosage level indicated that 
bupivacaine (83%) was significantly more lethal than 
ropivacaine (17%) but not different from lidocaine 
(33%). The incidence of arrhythmias in the bupiv- 
acaine group (83%) was also significantly higher than 
the ropivacaine group (33%) and lidocaine group 
(0%). 

Peak plasma concentrations (Table 5) were similar 
for both ropivacaine and bupivacaine, and no differ- 
ences in plasma drug concentrations existed between 
animals that survived this dose and those that did 
not. The two animals in the lidocaine group that died 
had the highest doses of drug and the highest plasma 
concentrations recorded in this study (Table 5). In- 
creases in hematocrit were again observed in all 
treatment groups. 

The survivors of the bolus injection of two times 
the convulsive dose were given three times the con- 
vulsive dose 24 h later. The one remaining animal in 
the bupivacaine group developed seizures 18 s after 
the start of the injection. Ventricular arrhythmias 
consisting of premature ventricular contractions and 
paroxysmal ventricular tachycardia developed. These 
began 15 s after completing the administration of 
drug. Arterial blood pressure decreased gradually 
and continuously after the injection had been com- 
pleted. Respiratory movements stopped 30 s later. 
The ECG continued to show paroxysms of ventricular 
tachycardia but pulse pressure was nonexistent. 

Seizures developed in the four animals in the 
lidocaine group 30.5 + 3.4 s after the start of the 
injection (mean injection time was 38.0 + 1.0 s). 
Three animals died because of hypotension and res- 
piratory arrest leading to circulatory collapse and 
finally asystole 66 + 8 s after the injection of drug. 
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Table 4. Summary of Results of Intravenous Bolus Injection of Two Times the Convulsive Dose of Bupivacaine, 


Ropivacaine, and Lidocaine 








Bupivacaine Ropivacaine Lidocaine 
t HR (beats/min) C 131 +5 130 + 7 133 + 5 
A 170 + 10 186 + 12 (4) 173 + 16 (5) 
t P-R (ms) C 95 +2 % +3 95 £2 
A 112 + 7 (3) 112 + 9 (3) 111 +7 (3) 
T QRS (ms) & 62+1 61 +1 60+1 
A 73 (2) 70 + 0 (4) 63 + 3 (3) 
| QT (ms) C 204 £3 201 + 4 193 +3 
A — 167 + 7 (5) 154 + 5 (4) 
4 MABP (mm Hg) C 130 + 3 120 + 3 121 +1 
A 49 + 6 (4) 111 + 10 (3) 84 (2) 
1 pH (U) C 7.45 + 0.01 7.44 + 0.10 7.44 + 0.00 
A 7.24 + 0.05 7.27 + 0.04 7.29 + 0.04 
{ Pao, (mm Hg) C 93 +3 93 + 2 92 + 2 
A 47 +7 57 + 11 57 + 6 (5) 
+ Paco, (mm Hg) C 30 +1 30 +1 29 +1 
A 47+5 414 37 + 3 (4) 
t Hematocrit (vol %) C 39 +2 37 +2 EL 
A 49 + 1 (5) 51 +2 47 + 2 (3) 


Values given as mean + SEM 


C, predrug control (n = 24); A, maximum change {n = 6 unless otherwise noted in parentheses); | , values are maximum decrease; fî , values are maximum 


increase. 


Table 5. Start Seizure Plasma Drug Concentration Resulting from the Intravenous Bolus Injection of Two Times the 


Convulsant Dose 
All animals (n = 6) Nonsurvivors 
Plasma Plasma 
Dose concentration Dese concentratio 
(mg/kg) (ug/mL) n (mg/kg) (ug/mL) 
Bupivacaine 8.60 + 0.67 67.4 + 12.2 5 8.24 + 0.71 70.1 + 14.6 
Ropivacaine 9.75 + 0.94 68.3 + 7.7 1 9.33 72.4 
Lidocaine 41.7 + 8.0 271 + 64.0 2 66.6 469 


Values given as mean + SEM. 


One dog survived this dose of lidocaine. No arrhyth- 
mias were noted in the lidocaine-treated animals. 
There was no apparent difference between the peak 
lidocaine concentration in the animal that survived 
(239 g/mL) and those that did not (range 196-326 
pg/mL). 

Seizures developed in the five surviving dogs 
given ropivacaine at 22 + 2 after the injection was 
started (mean injection time was 35.6 + 1.1 s). Four of 
the five animals died because of hypotension and 
respiratory arrest leading to cardiac arrest 67 + 16 s 
after ending the injection. One dog survived this 
dose of ropivacaine. Ventricular arrhythmias were 
observed in animals at this dosage level of ropiv- 
acaine. The arrhythmias consisted of atrioventricular 
dissociation, multifocal ventricular beats, and parox- 
ysmal ventricular tachycardia. One dog demon- 


strated ventricular tachycardia that degenerated tc 
terminal ventricular fibrillation after respiratory 
movements had ceased. The surviving animal in the 
ropivacaine group had the lowest peak plasma con- 
centration of the five animals (53.7 ug/mL compared 
with the range of 63.0-82.5 ug/mL in nonsurvivors). 


Discussion 


Ropivacaine is a new amino-amide local anesthetic 
agent that is chemically related to bupivacaine 
(17,18). The physicochemical properties and local 
anesthetic profile of ropivacaine are similar to those 
of bupivacaine. In vitro isolated nerve studies and in 
vivo studies in various species indicate that ropiv- 
acaine is equipotent to bupivacaine in terms of sen- 
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sory analgesia and slightly less potent in terms of 
motor blockade (16-18). 

Previous studies in laboratory animals have shown 
that the CNS toxicity of local anesthetics is propor- 
tional to their anesthetic potency. However, several 
studies have indicated that bupivacaine and eti- 
docaine are relatively more cardiotoxic than agents 
such as lidocaine (5-12,19). 

The total doses required to produce seizures for 
bupivacaine and lidocaine in this study are compara- 
ble to those previously reported in dogs receiving 
increasing serial doses (14). They are also similar to 
the doses reported in cats (5), monkeys (20), and 
sheep (7,8). The results of the current study indicate 
that bupivacaine and ropivacaine are approximately 
four to five times more potent than lidocaine in terms 
of CNS toxicity. There was no significant difference 
between the convulsive doses of bupivacaine and 
ropivacaine. The current study also supports the 
contention that the relative CNS toxicity of these 
three agents is proportional to their local anesthetic 
potency. The mean duration of seizure activity in the 
bupivacaine-treated group was longer than that of 
the other two groups, although the differences were 
not significant. This may be due to the relatively 
small number of animals in each group. Intravenous 
lidocaine and ropivacaine have been reported to be 
cleared somewhat more rapidly than bupivacaine, 
which may result in a shorter duration of seizure 
activity (21). The lower plasma concentrations of 
ropivacaine compared with bupivacaine at the onset 
of seizures are also probably due to the greater 
clearance of ropivacaine. During IV infusion or bolus 
injection of local anesthetics, the peak arterial con- 
centration of drug is probably a poor indicator of the 
actual toxic plasma concentration as this value is very 
dependent on both cardiac output and rate of drug 
input. The better indicator of the threshold toxic 
plasma concentration is that seen at the end of 
seizures where no significant difference was seen 
between bupivacaine data (3.22 + 0.31 pg/mL) and 
ropivacaine data (3.97 + 0.21 ug/mL). Intravenous 
thiamylal was consistently effective in terminating 
convulsions in all animals so treated. Unlike bupiv- 
acaine and lidocaine, ropivacaine infusion caused a 
transient decrease in Pao, values. The reason for this 
is unclear. The Pao, values returned to normal values 
by 5 min after the cessation of seizures. Additionally, 
the reduction in Pao, in the ropivacaine group was 
not different than that observed in the lidocaine or 
bupivacaine group after the bolus injection of two 
times the convulsive dose. Venous hematocrit in- 
creased in all treatment groups in association with 
seizure activity. This increase was observed after the 
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infusion studies and after the bolus injection of two 
times the convulsive dose. A similar increase has 
been previously reported in dogs (15). It is thought 
that this increase may be associated with release of 
blood cells from the dog’s spleen during seizures. 

Bupivacaine appears to be potentially more car- 
diotoxic than either lidocaine or ropivacaine. After 
two times the convulsant dose was administered, 
83% of the bupivacaine-treated dogs died, compared 
with 33% in the lidocaine group and 17% in the 
ropivacaine group. In addition, 83% of the bupiv- 
acaine-treated dogs demonstrated ventricular ar- 
rhythmias, compared with 33% in the ropivacaine 
group and 0% in the lidocaine group. As would be 
expected with the similar doses of bupivacaine and 
ropivacaine, the peak plasma drug concentrations 
were very similar, implying that lower circulating 
concentrations of bupivacaine than ropivacaine may 
precipitate cardiovascular collapse. Thus, within 15 
min of the administration of two times the convulsive 
dose, bupivacaine was more arrhythmogenic and 
more lethal than either lidocaine or ropivacaine. 
These data are in agreement with recent studies in 
which bupivacaine, ropivacaine, and lidocaine were 
administered directly into the coronary arteries of 
pigs. Ropivacaine was reported to have an ~75% 
greater margin of safety than bupivacaine. In addi- 
tion, the arrhythmogenic potential of ropivacaine was 
less than that of bupivacaine (22). 

There also appear to be differences in the mecha- 
nisms of local anesthetic-induced lethality. One is the 
sudden onset of ventricular fibrillation, which was 
seen in one bupivacaine-treated animal in this study 
and which has been reported previously in dogs and 
other species (15). This was not observed in either 
lidocaine- or ropivacaine-treated animals. Other 
modes of death consisted of hypotension with or 
without ventricular arrhythmias. In both of these 
situations respiratory arrest occurred, followed by 
further depression of blood pressure and eventually 
asystole or agonal ventricular rhythm. Lidocaine- 
treated animals at all dosage levels showed no ven- 
tricular arrhythmias. The terminal ECG recording 
was generally asystole or complete heart block with 
only P waves being recorded. This is distinctly dif- 
ferent than events recorded with either bupivacaine 
or ropivacaine. The reason for this is unclear but may 
be related to differences in the direct effects upon 
myocardial cells (23) or individual portions of the 
cardiac conduction system. These differences may be 
important in terms of the clinical treatment of local 
anesthetic overdosage. Electrical cardioversion is 
probably required for the treatment of primary ven- 
tricular fibrillation. In other cases, therapy should 
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include control of seizures, ventilatory support, and 
use of vasopressor and antiarrhythmic agents such as 
bretylium (24,25). Studies examining the treatment 
and resuscitation of local anesthetic overdose are 
currently being conducted. 

In summary, the results of the current investiga- 
tion indicate that the new amide local anesthetic 
agent, ropivacaine, possesses a greater margin of 
safety than bupivacaine if one compares the dose to 
cause convulsions and the dose to cause cardiovas- 
cular collapse and death. In addition, the arrhyth- 
mogenic potential of ropivacaine is less than that of 
bupivacaine. However, lidocaine was the only agent 
that was consistently devoid of arrhythmogenic ac- 
tivity. 


The authors thank Ann Marie Doucette and Sally B. Norway for 
their excellent technical assistance and Rachel Abrams for typing 
the manuscript. 
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What Is the Safest Endotracheal Tube for Nd-YAG Laser 


surgery?—-A Comparative Study 
Mitchel B. Sosis, MD 


SOSIS MB. What is the safest endotracheal tube for 
Nd-YAG laser surgery?—A comparative study. Anesth 
Analg 1989;69:802-4. 


To determine whether a safe endotracheal tube for Nd-YAG 
surgery could be found, an Nd-YAG laser operating at 50 
W was directed at six different endotracheal tubes that had 
5 L/min of oxygen flowing through them. A plain Rusch red 
rubber endotracheal tube, a Bivona Fome-cuff laser endotra- 
cheal tube, a stainless steel Mallinckrodt Laser-Flex endo- 
tracheal tube, and a Xomed Laser-shield endotracheal tube 


The neodymium-yttrium-aluminum-garnet (Nd- 
YAG) laser is being increasingly utilized for airway 
surgery. It has excellent hemostatic properties and a 
large depth of penetration (1). The Nd-YAG laser is 
especially useful in the treatment of obstructing tra- 
cheobronchial tumors as, unlike the carbon dioxide 
(CO,) laser, the laser beam can be conducted via a 
fiber-optic bundle. A study by Geffin et al. (2) on 
endotracheal tube flammability on exposure to an 
Nd-YAG laser beam concluded that all the endotra- 
cheal tubes tested were vulnerable to the effects of 
this laser when the beam was directed at the shafts of 
the endotracheal tubes if 50 W of power in the 
continuous mode was used. Life-endangering fires 
may result from such laser-induced combustion of an 
endotracheal tube. For example, Casey et al. (3) have 
published a report noting combustion of a polyvinyl- 
chloride endotracheal tube and fiberoptic broncho- 
scope during Nd-YAG airway surgery. Burns were 
subsequently noted in the patient’s airway. . 
The present study was initiated to determine the 
safest endotracheal tube for use with the Nd-YAG 
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were all ignited and perforated by the laser within 12 s. The 
combustion of the Mallinckrodt endotracheal tube can be 
explained by the high energy density of the laser that, in 
rapidly heating the metal, was able to cause its combustion 
in 100% oxygen. Red rubber endotracheal tubes wrapped 
with 3M No. 425 or Venture copper foil taye were unaf- 
fected by 1 min of exposure to the laser beam. They are 
recommended for clinical use. 


Key Words: EQUIPMENT, TRACHEAL TUBES—lasers. 
SURGERY, LasER-—tracheal tubes. 


laser with the laser operating at a high power level 
and with 100% oxygen (O,) flowing through it. The 
foil wrapping techniques that were found suitable for 
use with the CO, (4) and Nd-YAG (5) lasers in 
previous studies and special endotracheal tubes de- 
signed for laser use were compared. 


Materials and Methods 


A LaserSonics (Santa Clara, Calif.) model 1700 com- 
bined CO./Nd-YAG laser in the Nd-YAG mode and a 
Zeiss operating microscope with a 400-mm lens and 
‘Soy-stick” micromanipulator were used in this 
study. It was our intention to test the endotracheal 
tubes under stringent conditions (2) to determine 
which endotracheal tube was the safest. The laser’s 
output was set to 50 W in the continuous mode of 
operation with a beam diameter of 0.68 mm. Power 
settings up to 90 W have been described in clinical 
practice; however, durations of less than 2 s are 
commonly used. Thus the amount of energy imping- 
ing on the endotracheal tubes in this study was 
considerably greater than in usual clinical practice. 
The laser’s emission was continued for 1 min or until 
combustion occurred. The beam was directed per- 
pendicularly onto the shafts of three different red 
rubber (RR) endotracheal tubes, as they have been 
shown to be vulnerable to the Nd-YAG laser (2). The 
endotracheal tubes had 5 L/min of O, flowing 
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through them so that ignition of an endotracheal tube 
would be clearly seen. The tubes rested on wet towels 
and were surrounded by air. The endotracheal tubes 
studied were as follows: (1) a Rusch (F.R.G.) RR tube; 
(2) an RR tube wrapped with 3M (St. Paul, Minn.) 
No. 425 aluminum foil tape (4,5); (3) an RR tube 
wrapped with 1-mil copper foil tape manufactured by 
the Venture Tape Corp. of Rockland, Mass. (4,5); (4) 
a Bivona (Gary, Ind.) Fome-Cuf 6.0-mm-ID laser 
endotracheal tube; (5) a Mallinckrodt (St. Louis, Mo.) 
Laser-Flex stainless steel 6.0-mm-ID tracheal tube; 
and (6) a Xomed (Jacksonville, Fla.) Laser-shield 
6-mm-ID endotracheal tube. 

Tubes 1 and 4 had the laser directed at an un- 
marked portion of the tube. Tubes 2 and 3 had the 
metallic foils wrapped in an overlapping spiral man- 
ner starting just above the cuffed end of the tube with 
a single piece of tape. 


Results 


Within 2 s of the start of the laser’s emission, the bare 
RR tube was penetrated. A blowtorch fire occurred at 
13 s, but the tube remained in one piece and the 
combustion stopped when the O, source was inter- 
rupted. Smoke was seen at the site of laser impact 
within 1 s with the Bivona laser tube. A fire occurred 
by 12 s, but the tube remained in one piece and no 
blowtorch fire occurred. This fire was also terminated 
by stopping the O, flow. 

A blowtorch fire occurred after 10 s of laser contact 
with the Mallinckrodt Laser Flex tube. Interrupting 
the flow of O, ended the fire. The tube remained in 
one piece. Flames appeared within 1 s at the point of 
the laser beam’s impact on the Xomed tube. The tube 
broke into several pieces with considerable flaming 
by 12 s. Even after stopping the laser and turning off 
the O, supply, this fire was very difficult to extin- 
guish. 

The RR endotracheal tubes wrapped with the 3M 
No. 425 aluminum tape and the Venture copper foil 
tapes were unaffected by 1 min of exposure to the 
Nd-YAG laser beam. Three more such laser tests of 
each had the same result. 


Discussion 

The use of an Nd-YAG or CO, laser for operations in 
the airway usually places the surgeon and anesthesi- 
ologist in competition. The high energy density de- 
livered by the laser in proximity to combustible 
materials such as an endotracheal tube conducting a 


gas mixture enriched in O, has caused catastrophic 
airway fires resulting in serious airway burns. For 
example, a report has been published of a polyvinyl- 
chloride endotracheal tube and fiber-optic broncho- 
scope that ignited during Nd-YAG endoscopic resec- 
tion of a tracheal stenosis. This produced an ulcerated 
burn to the patient’s airway near the carina (3). 

The Nd-YAG laser emits radiation at 1064 nm in 
the near infrared region and is thus invisible (1). The 
beam has better hemostatic properties and penetrates 
more deeply than the CO, laser beams and can be 
conducted through a fiber-optic bundle. It has been 
useful for endoscopic resection of obstructing lesions 
of the major airways in patients that are usually given 
general anesthesia (6). 

Geffin et al. (2) reported on the combustibility of 
clear polyvinylchloride, RR, and silicone endotracheal 
tubes with the Nd-YAG laser at power levels up to 50 
W with a spot diameter of 2 mm. They found that all 
the tubes tested were vuinerable to the Nd-YAG laser 
at 50 W in the continuous mode. The clear PVC tubes 
were, however, more resistant to the Nd-YAG laser 
than the rubber or silicone tubes. However, on direct- 
ing the laser onto the black printing on the PVC tubes, 
combustion was facilitated. On the subject of foil 
wrapping to protect combustible endotracheal tubes, 
they state: “Although reflective aluminum tape was 
effective in protecting tubes from exposure to the CO, 
laser, the tape offered no protection from the Nd-YAG 
laser.” However, Geffin et al. only evaluated one type 
of aluminum tape (Radio Shack 49-502). 

Our results (5) using Venture copper foil or 3M No. 
425 aluminum foil tapes demonstrate that they pro- 
vide the only effective protection of combustible en- 
dotracheal tubes from the Nd-YAG laser operating at 
high power found to date. Because of the flammable 
nature of the adhesive on the Venture copper foil, the 
3M No. 425 tape is preferred (5). This technique is 
simple and inexpensive. We have gas-sterilized RR 
endotracheal tubes wrapped with these tapes without 
affecting their flammability. Our findings showing 
that the RR and Xomed Laser-shield tubes were 
quickly penetrated by the Nd-YAG laser are consistent 
with those of Geffin et al. (2). None of the special 
endotracheal tubes manufactured for use with the CO, 
laser that were evaluated in this study could withstand 
the impact of the Nd-YAG laser. These endotracheal 
tubes are not, however, recommended by their man- 
ufacturers for use with the Nd-YAG laser. 

The combustion of the Mallinckrodt Laser-Flex 
endotracheal tube after 6 s of laser impact is remark- 
able considering its shaft is fabricated from stainless 
steel. The high energy density and coherence of the 
laser resulted in rapid melting of the steel. Once 


perforation occurred, the presence of 100% O, led to 
rapid oxidation of the metal and a fire. 

The cuffs of the foil-wrapped endotracheal tubes 
are still vulnerable to the effects of the laser. They 
should be protected by filling them with saline (7) to 
which a small amount of dye such as methylene blue 
has been added, and by packing them off with wet 
pledgets that are kept moist. The dye serves as a sign 
of cuff perforation. The minimum acceptable concen- 
tration of O, diluted with helium or nitrogen should 
be used during laser airway surgery. 

The wrapped endotracheal tubes evaluated in this 
study are still subject to indirect combustion (8) from 
sparks or a high temperature in proximity to the tube. 
Furthermore, a combustible endotracheal tube 
wrapped with foil tape may not provide adequate 
protection for fiber-optic bronchoscopic Nd-YAG la- 
ser surgery, as the internal aspect of the tube is 
unprotected. Dumon et al. (9) recommend the use of 
a rigid bronchoscope instead of an endotracheal tube 
for Nd-YAG laser surgery of the tracheobronchial 
tree. Rontal et al. (10) suggest that when peripheral 
lung lesions are to be treated, a fiber-optic broncho- 
scope should be passed through a rigid bronchoscope 
rather than through an endotracheal tube. 


The assistance of Sherry Heller, RN, in the completion of this study 
is gratefully acknowledged. 
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Role of Pulmonary Surfactant in the Development and Treatment 
of Adult Respiratory Distress Syndrome 


Bruce A. Holm, php and Sadis Matalon, PhD 
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SYNDROME. 


The adult respiratory distress syndrome (ARDS) was 
described for the first time by Ashbaugh et al. (1) in 
1967. Presently, ARDS is a well-known cause of acute 
respiratory failure in both adults and children after a 
variety of pulmonary or systemic insults including 
sepsis, shock, pneumonia, trauma, drug overdose, 
liquid aspiration, metabolic disorders, hematologic 
disorders, radiation pneumonitis, smoke inhalation, 
oxidant injury, and many others (2,3). Regardless of 
the etiology of the lung injury, ARDS is characterized 
by five hallmarks: (a) severe arterial hypoxemia re- 
fractory to oxygen therapy, (b) increased intrapulmo- 
nary shunting, (c) decreased lung compliance, (d) 
decreased lung volumes, and (e) the absence of 
indicators of left ventricular failure ([pulmonary 
wedge pressure <18 mm Hg]; [1-6)). 

In adults, the incidence of ARDS in the United 
States is now estimated at 150,000 cases per year, and 
the associated mortality rate for full-blown ARDS has 
been reported at levels as high as 50%—70% (5). In the 
pediatric population, the incidence of ARDS has been 
reported at 8.5-10.4 cases per 1000 admissions to 


Supported by National Institutes of Health grants HL31997 (Dr. 
Matalon) and HL40896 (Dr. Holm) and a Career Investigator 
Award to Dr. Matalon from the American and Alabama Lung 
Associations. 

Received from the Departments of Obstetrics/Gynecology, Pe- 
diatrics, and Pharmacology and Therapeutics, State University of 
New York, Buffalo, New York; and the Departments of Anesthe- 
siology and Physiology and Biophysics, University of Alabama at 
Birmingham, Birmingham, Alabama. Accepted for publication 
August 4, 1989, 

Address correspondence to Dr. Matalon, Department of Anes- 
thesiology, 941D Tinsley Harrison Tower, University of Alabama at 
Birmingham, 619 South 19th Street, Birmingham, AL 35233. 


©1989 by the International Anesthesia Research Society 


pediatric intensive care units with an associated mor 
tality of around 59% (7-9). 

The pathophysiology and clinical management o 
ARDS has been the subject of a number of excellen 
reviews (2-6). The main objective of clinical manage 
ment is the maintenance of adequate arterial anc 
tissue oxygenation and treatment of the precipitatin; 
disorder. The former is achieved by mechanical ven 
tilation with positive end-expiratory pressure anc 
supplemental oxygen. This type of supportive treat 
ment may not always be effective. In addition, pro 
longed mechanical ventilation with high pressure 
and oxygen is associated with increased incidence o 
barotrauma, pneumothorax (2), and oxygen toxicit 
(10). Furthermore, the efficacies of various pharma 
cologic treatments, such as corticosteroids and hep 
arin, are controversial at best (2). For these reasons 
there is always a search for ways to improve thi 
clinical management of patients with ARDS. 

During the last few years, a number of investiga 
tors have shown that animals with ARDS-type lun; 
injuries have compromised surfactant function anc 
that administration of exogenous surfactant miti 
gates, at least temporarily, the arterial hypoxemii 
and abnormal lung mechanics and improves surviva 
(11-16). (Animal models exhibit most but not all the 
hallmarks of clinical ARDS. For this reason we refe 
to experimentally induced lung injury as “ARDS 
type.”) Surfactant replacement has been used effec 
tively for the management of neonatal respirator 
distress syndrome, a disease characterized by pri 
mary surfactant deficiency (17-22). A few preliminary 
reports indicate that it also has potential therapeuti: 
value in patients with ARDS (23,24). A number o 
clinical studies assessing the efficacy of exogenou: 
surfactant replacement in the outcome of ARDS are 
currently either in progress or in the planning stages 
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The purpose of this article is twofold: first, we will 
critically review the existing literature for evidence of 
surfactant dysfunction in both patients with ARDS 
and various animal models with experimentally in- 
duced lung injury that mimics the clinical manifesta- 
tions of ARDS. Second, we will assess the efficacy of 
surfactant replacement in modifying ARDS and 
ARD&5-type injuries and discuss the problems and 
limitations of this type of treatment. However, before 
proceeding with a discussion of the pulmonary sur- 
factant system in lung disease, we will review the 
physiologic, biophysical, and biochemical properties 
of the pulmonary surfactant system as they apply to 
the normal lung. 


Pulmonary Surfactant System in the 
Normal Lung 


Physiologic Function 


Surfactants are molecules that preferentially adsorb at 
a surface and act to lower interfacial tension as a 
function of their concentration. This property pro- 
vides the underlying mechanism by which pulmo- 
nary surfactant allows for the variation of surface 
tension during lung expansion and deflation (Figure 
1), and thereby promotes the alveolar stability, min- 
imal work of breathing, and lung inflation uniformity 
found during normal respiration in a system domi- 
nated by surface tension forces (25). Surfactant defi- 
ciency causes an increase in the surface tension across 
the blood-gas barrier leading to atelectasis, increased 
work of breathing, and decreased lung compliance. 
In addition, surfactant deficiency may promote the 
formation of pulmonary edema. 


Biochemical Composition 

Pulmonary surfactant in vivo is a complex mixture of 
phospholipids and specific apoproteins. As shown in 
Table 1, phospholipids are the major components of 
surfactant, accounting for 90% of its composition by 
weight. Approximately 80% of surfactant phospho- 
lipid is phosphatidylcholine, >60% of which contains 
fully saturated acyl groups (dipalmitoylphosphatidy]- 
choline). This is in sharp contrast to the phosphati- 
dylcholine composition found in cell membranes, 
including those in the lung (26,27). In addition, 
phosphatidylglycerol, which makes up <2% of total 
membrane phospholipids in mammalian cells, has 
been found to account for as much as 10% of total 
surfactant phospholipids. However, other phospho- 
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Figure 1. (A) Langmuir-Wilhelmy balance for the measurements 
of surface tension. Liquid containing a surface active agent is 
placed in the trough. Surface tension, measured as the force on the 
platinum strip suspended from a transducer, is continuously 
recorded as the movable barrier changes the surface area of the 
air-liquid interface. (B) Surface tension-arza relationships of water, 
water with detergent, serum, and alveolar washings obtained in a 
Langmuir—Wilhelmy balance. The lung washings show a change in 
surface tension with area, with different values of surface tensions 
obtained during compression and expansion (hysteresis). Mini- 
mum surface tension is close to zero. The surface tension-area 
relationship of washings from a surfactant-deficient lung resemble 
that of serum (small hysteresis and higa minimum surface ten- 
sion.) (Modified from Clements and Tierney, Reference 80, pp. 
1567-8.) 


lipids, such as phosphatidylethanolamine, phospha- 
tidylserine, arid sphingomyelin, which are present in 
significant quantities in mammalian cells, represent 
only trace components of pulmonary surfactant (27). 

Two major groups of surfactant apoproteins have 
been identified, each representing approximately 
1%-2% by weight of the total surfactant composition 
(27,28). One class of proteins, referred to as SP-A for 
surfactant apoprotein A (29), appears to represent a 
single native protein with a highly glycosylated, 
collagenlike form (28,30). Under reducing conditions, 
SP-A yields subunits with molecular weights ranging 
from 26 to 36 kDa, depending on the degree of 
glycosylation (31-33). Recent studies suggest that 
SP-A is involved with surfactant recycling and, 
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Table 1. Biochemical Composition 


% Composition 
(by weight) 


Component 


Surfactant 
Phospholipids 
Neutral lipids 
Proteins 
SP-A (26-36 kDa) 
SP-B, SP-C (4-18 kDa) 


Surfactant phospholipid 
Phosphatidylcholine 
Phosphatidviglycerol 
Phosphatidylethanolamine 
Phosphatidylinositol 
Sphingomyelin 
Others 


DPPC/PC (%) 
DPPC, dipalmitoyl phosphatidylcholine; PC, phosphatidylcholine. 
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No bo 
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potentially, secretion (34,35). In addition, this protein 
may also enhance the surface adsorption characteris- 
tics of pulmonary surfactant (36). 

The second class of surfactant apoproteins is very 
hydrophobic and extracts with the phospholipids 
into chloroform (37). These proteins, referred to as 
SP-B and SP-C, have molecular masses of 18 kDa (8 
kDa under reducing conditions) and 4 kDa, respec- 
tively. Both are proteolipids and appear to be neces- 
sary for optimum surfactant biophysical activity 
(29,37). Although it is clear that the physiologically 
relevant surface active properties of lung surfactant 
are produced as a result of its unique phospholipid 
and apoprotein composition, detailed structure- 
function relationships defining the role and necessity 
of each component of pulmonary surfactant remain 
to be determined. 


Surfactant Metabolism 


The majority of evidence to date indicates that the 
synthesis of surfactant phospholipids and proteins 
occurs in the microsomal fraction of the alveolar type 
H pneumocytes (28,38,39). It appears that surfactant 
phospholipids are synthesized in the endoplasmic 
reticulum, transported to the Golgi apparatus, and 
then packaged and stored in the type II pneumocytes’ 
characteristic lamellar inclusion bodies (39,40). Sur- 
factant proteins may follow the same general path- 
way, but it appears that protein synthesis, posttrans- 
lational modification, and movement to lamellar 
bodies utilizes a method of transport that is different 
from that used by the phospholipids (28,40~43). 
Pulmonary surfactant is secreted from the type I 
pneumocyte into the alveolar lumen probably by a 


process of lamellar body exocytosis (44,45). A numbe: 
of studies have shown that a variety of agents car 
stimulate surfactant secretion, including adrenergic 
agonists (46,47), prostaglandins (48), mechanical ef 
fects (49), cholinergic agonists (46,50), and other: 
(51,52). The secreted surfactant material takes a vari 
ety of different physical forms in the alveolar liquic 
lining layer including multilamellar vesicles, a lattice 
like tubular myelin structure, and the monomolecula: 
surface film that is responsible for biophysical activit 
(53). The interrelationship between the differen 
physical structures remains unclear. 

Clearance of surfactant material from the alveola 
space of normal lungs appears to occur with a half-life 
of ~20 h (54,55). Although precise mechanisms ar 
unknown, a significant amount of surfactant appear: 
to be cleared and recycled by type II pneumocyte: 
(54-58). Additionally, some clearance and degrada 
tion may occur via alveolar macrophages (59). Onl 
trace amounts of surfactant material seem to bi 
cleared by the airways (60,61). Recent evidence fron 
our laboratories indicates that surfactant is clearec 
less rapidly across lungs of rabbits exposed to hyper 
oxia and that this change in clearance was correlatec 
with the appearance of severe injury to type II pneu 


mocytes (62). 


Pulmonary Surfactant System in 
Lung Disease 


Measurement of Surfactant Function 


As mentioned above, one of the most importan 
properties of pulmonary surfactant is its ability t 
generate very low minimum surface tensions wher 
the area of the air-liquid interface is reduced unde 
dynamic compression. The different ways of assess 
ing this property in vitro and the advantages anı 
disadvantages of each method have been summa 
rized by Notter and Finkelstein (25). The two meth 
ods used most often are the Langmuir—-Wilhelm: 
balance (described in some detail in Figure 1) and th: 
oscillating bubble apparatus of Enhorning (63). Thi 
apparatus allows continuous determination of thi 
pressure drop across the interface of a small ai 
bubble formed in a surfactant-containing subphase 
The bubble is pulsed at a given rate (usually 21 
cycles/min) between maximum and minimum radii 0 
0.55 and 0.4 mm. Surface tension is calculated fron 
the law of Young and Laplace for a sphere: AP = 2T/r 
where AP is the pressure drop across the bubbl. 
interface, T is the surface tension, and r is the bubbl 
radius. The pulsation is continued until the minimun 
surface tension reaches a plateau value. The advan 
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tage of this technique over the Wilhelmy balance is 
the small volume of surfactant material needed for 
these measurements (around 20 uL). 


Physiologic, Biochemical, and Biophysical Changes 
in Patients with ARDS 


The importance of surfactant system alterations in the 
development of lung disease was first noted in 1959 
when Avery and Mead (17) showed that the respira- 
tory distress syndrome (RDS) of the premature new- 
born, which is characterized by reduced lung compli- 
ance, intrapulmonary shunting, atelectasis, and 
decreased functional residual capacity, was due to a 
surfactant deficiency in the immature lung. Since that 
time, great advances have been made in surfactant 
research, including the development of exogenous 
surfactant replacement therapy, which has been 
shown to be highly efficacious in the treatment of 
neonatal RDS (17-22,64,65). 

The many similarities between the pathophysio- 
logic features of the neonatal and adult respiratory 
distress syndrome led a number of investigators to 
question whether a dysfunction of the pulmonary 
surfactant system played a role in the development of 
ARDS. Ashbaugh et al. (1) were first to report that the 
minimum surface tension of minced lungs obtained 
from two patients who died of ARDS was >20 
dyne/cm; normal values were <10 dyne/cm. Petty et 
al. (66) obtained a static pressure-volume curve from 
the lungs of a patient who died of ARDS and com- 
pared it to those of normal lungs. They reported that 
the ARDS lungs had lower lung volumes and de- 
creased compliance. The bronchoalveolar lavage from 
the ARDS lungs had normal lipid levels and a higher 
protein content. In addition, its compressibility in a 
Wilhelmy balance was much higher than that of the 
oronchoalveolar lavage of control lungs. A high com- 
oressibility value is indicative of instability under 
stress and seen in films with high protein content. 
Che authors concluded that the high compressibility 
nay have been responsible for the decreased compli- 
ince. In addition the authors claimed that the mini- 
num surface tension achieved by the bronchoalveo- 
ar lavage from the ARDS lung was in the normal 
ange. However, their reported value of 20 dyne/cm 
s much higher than the normal values usually re- 
sorted (<5 dyne/cm). 

In a more recent study Hallman et al. (67) mea- 
ured phospholipid levels in bronchoalveolar lavage 
amples obtained from lungs of patients who died of 
\RDS and compared them to those of normal lungs. 
here was no significant difference in total phospho- 
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lipid concentration between ARDS and normal lungs. 
However, the phospholipid composition of the for- 
mer was abnormal: the lecithin to sphingomyelin 
ratio and phosphatidylglycerol and disaturated leci- 
thin values were low compared to normal. Further- 
more, lipid-protein complexes, isolated from the 
bronchoalveolar lavage of ARDS patients were not 
surface active (i.e., their minimum surface tension 
was around 20 dyne/cm). Von Wichert and Kohl (68) 
also found abnormal phospholipid composition in 
lung tissue samples of ARDS patients. However, in 
contrast to Hallman et al. (67), they found that ARDS 
lungs had a higher than normal phospholipid con- 
tent. Holm et al. (14) also reported higher levels of 
lavageable phospholipids in the lungs of rabbits that 
recovered from acute lung injury resembling ARDS. 
Subsequent studies by Holm et al. (69) have shown 
increased surfactant production by type II cells iso- 
lated from these lungs. The mechanism and impor- 
tance of increased surfactant production in lungs 
recovering from injury is not clear. 

In spite of the existing quantitative and qualitative 
differences, the results of all of these studies indicate 
that the surfactant system of patients with ARDS has 
been compromised. Although subsequent studies 
have indicated that surfactant system alterations are 
not the primary pathogenic factor in ARDS (3), one 
should not infer that surfactant abnormalities are of 
only secondary importance. Because the surfactant 
system is vital to proper lung function, any type of 
surfactant deficiency, be it primary or secondary, will 
contribute to the development of pulmonary patho- 


physiology. 


Surfactant Changes in Animals with 
ARDS-Type Injuries 


A number of in vivo models of lung injury have been 
developed that stimulate most of the pathophysio- 
logic and morphologic features of ARDS. As is the 
case with human ARDS, these animal models dem- 
onstrate a great deal of diversity. For example, the 
lung injury generated by in vivo lavage (70) or infu- 
sion of anti-lung serum (12) occurs almost immedi- 
ately after the insult, whereas other injuries occur 
over a matter of hours (bilateral vagotomy [13], oleic 
acid infusion [71]), or days (paraquat ingestion [72], 
oxygen toxicity [14,69,73]). However, in each case 
there has been good documentation of increased 
alveolar permeability to solute, and the pathophysi- 
ologic features of these injuries (atelectasis, decreased 
compliance, protein-rich pulmonary edema) have 
been similar. 
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Figure 2. Proposed pathogenic sequence of 
events in ARDS. (Modified from Hopewell and 
Murray, Reference 3, pp. 101-28.) 
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In addition, all of the lung injury models discussed 
above showed significant indications of pulmonary 
surfactant system alteration. In some instances, such 
as paraquat intoxication (72) and oxygen toxicity 
(14,69), alveolar surfactant levels are decreased as a 
result of impaired phospholipid metabolism by type 
II pneumocytes. In other injuries, such as viral pneu- 
monia (74), quantitative surfactant deficiencies ap- 
pear to occur secondary to type II cell destruction. 
Finally, some of the ARDS models, including bilateral 
vagotomy (13) and oleic acid embolism (71), occur 
acutely and show no indications of changes in sur- 
factant levels at all. Nevertheless, all of the lung 
injury models described above demonstrate func- 
tional surfactant deficiencies, indicated by increased 
surface tension values of bronchoalveolar lavage (>20 
dyne/cm). These increased surface tension values are 
caused to a large extent by surfactant inactivation by 
increased plasma proteins and fluid membrane lipids 
in the alveolar space as described below. 


Mechanisms of Surfactant Deficiency 


As noted previously, there are a variety of disorders 
that can lead to the development of ARDS, with a 
variety of primary mechanisms of injury involved. 
Nevertheless, one of the common pathological hall- 
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marks of all ARDS-type lung injuries is the accumu- 
lation of protein-rich edema in the alveolar space as a 
result of increased alveolar permeability (3). Several 
lines of evidence indicate that many of the constitu- 
ents of permeability pulmonary edema, such as 
plasma proteins, cell membrane lipids, and even 
hemoglobin, are capable of the biophysical inhibition 
of the surfactant material already present in the 
alveolus (75-81). 

A postulated sequence of events in ARDS-type 
lung injuries is shown schematically in Figure 2. As 
indicated in the figure, surfactant inactivation by 
plasma-derived agents would act to exacerbate the 
existing lung lesion and generate a vicious circle 
leading to alveolar closure and the characteristic 
pathophysiology of ARDS. Moreover, this functional 
surfactant deficiency could be generated even in the 
absence of a quantitative surfactant deficiency, and 
would be capable of causing significant effects in both 
highly acute and more slowly generated forms of 
lung injury. 

One of the more important findings from biophys- 
ical studies of surfactant inactivation is that the 
plasma protein-induced inhibition of surfactant activ- 
ity is dependent on the surfactant concentration 
(75-79,81). As shown in Table 2, the protein-induced 
inhibition of the surface tension lowering capacity of 
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Table 2. Effects of Plasma Proteins on Surfactant 
Activity (Dynamic) 
Sn A 


Minimum 
surface 
tension 

Phospholipid Protein e oe) 

ime (min) 

Surfactant concentration concentration — € ”- 
mixture (mg/mL) (mg/mL) 0 5 10 
Albumin — 2-200 45 45 45 
Hemoglobin — 2-200 3/ 3% 35 
Fibrinogen — 2-200 47 46 46 
LS 0.5 — 19 4 Ọ 
LS + albumin 0.5 20 45 21 21 
LS + hemoglobin 0.5 20 34 29 26 
LS + fibrinogen 0.5 20 47 24 24 
LS 2.0 — 19 0 0 
LS + albumin 2.0 200 455 0 0 
LS + hemoglobin 2.0 200 34 0 0 
LS + fibrinogen 2.0 200 45 0 0 


LS, lung surfactant. 

A bubble was formed in an oscillating bubble apparatus at the indicated 
air-liquid interfaces. The bubble was then pulsated at 20 cycles/min for the 
indicated time at which point the minimum surface tension was recorded. 
Data are from Holm et al. (75,76,81). In each case values are means for at 
least three different trials. 


natural surfactant observed at lower phospholipid 
concentrations is completely abolished when the sur- 
factant concentration is increased. Moreover, this 
threshold-type resistance to inhibition at higher sur- 
factant concentrations is maintained even when the 
molar ratio of protein to phospholipid is increased as 
much as fivefold. 

The concept that the inhibition of lung surfactant 
biophysical activity is dependent on the surfactant 
concentration presents at least two points of practical 
relevance. First, it suggests that a quantitative surfac- 
tant deficiency will act to exacerbate any functional 
surfactant deficiency induced by the lung injury. 
More importantly, it suggests that exogenous surfac- 
tant replacement therapy might be efficacious in 
ameliorating any lung pathophysiology that is related 
to surfactant system dysfunction. 

Indeed both of these points were supported by the 
results of a number of studies. Seeger et al. (79) 
induced equal amounts of cardiogenic and permeabil- 
ity-type edema in rabbit lungs. In the latter case the 
amount of protein in the alveolar space increased 
20-fold. The amount of all lavageable phospholipid 
remained unchanged in both cases. The mechanical 
properties of isolated lungs (as assessed by measure- 
ments of pressure volume curves, total lung capacity, 
and compliance) were decreased in both groups but 
more so in the rabbits with permeability-type edema. 
Also, minimum surface tension of the bronchoalveo- 
lar lavage increased in both groups, but more so in 
the animals with permeability-type edema. These 
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authors concluded that the presence of protein in the 
alveolar space interferes with surfactant function. 

In a different set of experiments, Holm and Notter 
(76) used an in vitro excised lung preparation to 
determine the effects of plasma proteins on lung 
mechanics. The results of these studies, depicted in 
Figure 3, indicated that intratracheal instillation of 
plasma proteins caused lung mechanical dysfunction 
that was made even more severe when the lungs 
were first made partially surfactant-deficient. More- 
over, the mechanical abnormalities present in these 
lungs were almost abolished after the administration 
of exogenous surfactant. Thus, there is both in vivo 
and in vitro biophysical and physiologic evidence to 
suggest that surfactant replacement therapy might be 
of benefit in helping to manage ARDS-type lung 
injury. This concept is discussed further in the sec- 
tions on in vivo models below. 


Surfactant Replacement 
Exogenous Surfactant Mixtures 


In terms of exogenous surfactant replacement mix- 
tures, there are four basic types of surfactant that are 
currently being studied for the treatment of neonatal 
lung disease. 


Natural surfactants. These mixtures are recovered 
from alveolar lavage or amniotic fluid, usually em- 
ploying a density gradient centrifugation step. These 
surfactant preparations generally have a higher pro- 
tein content than other preparations, but contain all 
surfactant apoproteins. 


Modified natural surfactant. These mixtures refer to 
preparations that are organically extracted from alve- 
olar lavage or lung tissue minces and then reconsti- 
tuted in normal saline. When the initial collection 
procedure involves tissue homogenization, selective 
addition or removal of certain components is often 
necessary to overcome contamination by cell mem- 
brane lipids. The surfactant extract mixtures contain 
only the low molecular weight, hydrophobic apopro- 
teins. 


Artificial surfactants. These are mixtures of syn- 
thetic compounds that may or may not be compo- 
nents of natural lung surfactant. These mixtures 
contain no surfactant apoproteins (82,83). 


Recombined/synthetic surfactants. These are mixtures 
of phospholipid and neutral lipid components of 
natural surfactant that have been reconstituted with 
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Figure 3. (a) Effects of albumin and hemoglobin on pressure- 
volume deflation curves of excised rat lungs. Isolated rat lungs 
were instilled with the indicated substances, dissolved in 2 mL of 
saline, and inflated slowly to 30 cm H,O transpulmonary pressure. 
The volume achieved at this pressure was defined at the total lung 
capacity (TLC39 cem H20). After a period of stress relaxation, the 
lungs were deflated to 0 cm H,O pressure at constant rate. 
Instillation of proteins decreased lung volumes and lung compli- 
ance. These variables were returned to normal after instillation of 
lung surfactant. Mean values for n = 4. (A) Normal lungs. (B) 
Lungs instilled with 400 mg of albumin or hemoglobin. (C) Lungs 
instilled with 400 mg of albumin or hemoglobin and then 
supplemented with 25 mg of CLSE. (b) Effects of albumin and 
hemoglobin on pressure volume deflation curves of partially sur- 
factant-deficient rat lungs. (A) Normal lungs. (B) Partially surfac- 
tant-deficient lungs: isolated rat lungs were lavaged once with 15 
mL of saline to render them surfactant-deficient. (C) Partially 
surfactant-deficient lung instilled with 400 mg of albumin or 
hemoglobin. (D) Partially surfactant-deficient lung instilled with 
400 mg of albumin or hemoglobin and then supplemented with 25 
mg of CLSE. Instillation of proteins exacerbated the manifestations 
of surfactant deficiency. Again, instillation of CLSE restored lung 
mechanics to almost normal values. Mean values for n = 4. 
(Modified from Holm et al., Reference 75 and Holm and Notter, 
Reference 76.) 
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one or more surfactant apoproteins. This type of 
surfactant preparation is relatively new and, unlike 
the other three types of surfactant mixtures described 
above, has not been used in clinical trials for the 
treatment of neonatal RDS. 

Although all of the surfactant mixtures described 
above have certain common features such as the 
ability to reduce the surface tension of an air-liquid 
interface to values <5 dyne/cm upon compression, 
they are fundamentally different with regard to phys- 
ical properties and, in some cases, physiologic effi- 
cacy (83-85). Moreover, recent evidence suggests that 
some types of surfactant may be more resistant to 
inhibition phenomena than others, an issue of great 
importance with regard to the use of surfactant 
replacement therapy in lung injury situations (86). 


Mitigation of ARDS-Type Injury by 
Surfactant Instillation 


As mentioned above, all of the lung injury models 
described have demonstrated some form of surfac- 
tant dysfunction as part of their associated patho- 
physiology. However, only a few have been used to 
test the potential efficacy of surfactant therapy in 
ARDS-type injury. 

One of the first studies of surfactant replacement 
in adult lung injury was done by Lachmann and 
colleagues (70,87) using an in vivo lung lavage model 
with adult guinea pigs. After repeated lavage with a 
volume of normal saline equal to the animal's vital 
capacity, dynamic lung compliance decreased to 
~20% of control values, and the animals became 
severely hypoxemic. Moreover, the decreased lung 
mechanical properties and pulmonary function per- 
sisted over the 8-h time-course studied, and was not 
greatly improved even during pressure-controlled 
mechanical ventilation with pure oxygen (87). How- 
ever, when the artificial ventilation (Fig, = 1.0) was 
combined with the intratracheal administration of 
two 50-mg doses of natural surfactant, lung function 
improved greatly and was maintained over a period 
of at least 5 h, as shown in Figure 4. In addition, 
histologic examination of surfactant-treated lungs 
showed well-aerated alveoli with minimal edema 
formation. 

Arguments have been made that this model of 
lung injury more accurately reflects the pathological 
sequelae of neonatal RDS than the pathophysiology 
of ARDS. Nevertheless, surfactant therapy has also 
shown positive effects in other lung injury models 
that do not presuppose a primary surfactant defi- 
ciency, such as intravascular injection of anti-lung 
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Figure 4. Protective effects of exogenous surfactant in surfactant- 
deficient lungs. The lungs of two guinea pigs were lavaged 
extensively and the animals were ventilated for 5 h with 100% O),. 
One animal received two intratracheal instillations of natural lung 
surfactant (50 mg each) at the indicated intervals. Surfactant 
instillation significantly improved gas exchange as shown by the 
increase of the Pao, and the decrease of the Paco, (From Lach- 
mann and Danzmann, Reference 87, pp. 505-48.) 


serum (12) or N-nitroso-N-methylurethane (88). In 
addition, Berry et al. (13) demonstrated the efficacy of 
surfactant replacement in treating the respiratory 
distress associated with bilateral cervical vagotomy. 
Within 4 h after the vagotomy, adult rabbits devel- 
oped decreased lung compliance and severe hypox- 
emia that was relatively refractory to ventilation with 
100% oxygen (Q.). In addition, histologic analyses 
demonstrated alveolar edema, hemorrhage, and hy- 
aline membrane formation. As mentioned above, the 
lung damage in this model was associated with a 
functional surfactant deficit, but occurred in the ab- 
sence of a quantitative decrease in alveolar surfactant 
levels. Nevertheless, surfactant treatment in these 
animals resulted in significant improvements in lung 
compliance and pulmonary function. 

In a recent series of studies, Matalon, Holm, and 
co-workers evaluated the efficacy of exogenous sur- 
factant supplementation in limiting alveolar epithelial 
injury and improving survival in rabbits exposed to 
100% O,. The pathophysiologic manifestations of 
pulmonary oxygen toxicity closely resemble those 
seen in clinical ARDS with the exception that most 
animals do not develop pulmonary hypertension 
during acute exposures (73,89-95). These experi- 
ments are described in detail below. 

Rabbits exposed to 100% O, at 1 ATA maintain 
normal arterial blood gases and vascular pressures till 
shortly before death when the Pao, drops and the 
rabbits die of acute respiratory failure. Studies by 
Matalon and Egan (89,90) and Matalon and Cesar (91) 
indicate that exposure to 100% O, results in progres- 
sive increase in both the alveolar permeability to 
solute and the capillary permeability to solvent. 
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Table 3. Physiologic, Biochemical, and Biophysical 


Changes in Rabbits Exposed to 100% O, for 64 h and 
Returned to Room Air for the Indicated Intervals 
l 64 k 100% 64h 100% 
64h 100% O-and O, and 
Control O, 24hair 20h air 
PL (mol/kg) 8.7416 6.1 +0.05" 4.5 +06" 13.6 +39 
PC (mol/kg) 73206 54+0.2% 3620.2" 11.8 + 1.37 
(PC/PL) (%) 84 88 83 87 
DPPC 5.2 +03 410.1" 28:+0.1 8.8 + 0.6’ 

(umol/kg) 

(DPPC/PC) 71 75 77 75 

(%) 

Pr (mg/kg) 7443.5 27.7 + 4.7" 56.0 +3.5" 10.5 + 2.6 
Pr/PL 0.85 4.5 12.4 0.80 

(mg/umol) 

JWp 41+03 45+0.2 6320.2 462 0,2 
TLC (mL/kg) 37+2 3521 2343 3522 
Taia 102 5&2 30 + 2" 1+ 0.2 

(dyne/cm) 


PL, total phospholipid in bronchoalveolar lavage; PC, phosphatidylcho- 
line; DPPC, disaturated phosphatidylcholine; Pr, protein; WL/Wp, lung wet 
and dry weight; TLC, total 1 capacity; Town, Mirimum surface tension. 
(Modified from Holm et aL, Reference 14.) 

Values are mean + 1 sem; n > 5, 

* Significantly different from control (P < 0.05). 


These changes first occurred between 24 and 48 h of 
O, exposure and preceded the appearance of signif- 
icant alterations in structure and the development of 
respiratory failure. Currently, it is accepted that hy- 
peroxic injury, like many cases of clinical ARDS, is 
the result of increased intracellular and extracellular 
production of partially reduced O, species (96). 
Holm et al. (14) exposed rabbits ta 100% O, for 64 
h and then removed them to room air for varying 
periods of time up to 200 h. The alveolar permeability 
to solute increased significantly by the end of the 64-h 
exposure period, and biochemical analyses of bron- 
choalveolar lavages showed a significant decline in 
phospholipid content and an increase in protein level 
(Table 3). However, other variables such as wet/dry 
weight ratios, arterial blood gases, and lung volumes 
were at their normal levels. At 24 h after exposure, 
while the rabbits were breathing room air, alveolar 
phospholipid levels declined further and protein lev- 
els in lavages increased dramatically. These lavages 
exhibited severely impaired dynamic surface activity 
at 37°C and 100% humidity in an oscillating bubble 
apparatus. In addition, all rabbits developed arterial 
hypoxemia and 35% of them died within the first 
hour postexposure. In the rabbits that survived, all 
measured physiologic variables returned to normal 
by 200 h after exposure, except for the phospholipid 
values that were considerably higher than normal. 
Measurements of precursor incorporation into freshly 
isolated type II cells revealed a 60% decrease in 
phosphatidylcholine synthesis after 64 h in O, fol- 
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lowed by recovery after 3 days to normal and even- 
tually above-normal levels (75). These findings sug- 
gest that O.-induced changes in type II cell surfactant 
biosynthesis may account, at least in part, for ob- 
served changes in lung phospholipid levels in vivo. 
However, like the other ARDS models discussed, 
surfactant inactivation by high levels of plasma pro- 
teins in the alveolar space also played a role (75). 

Using this model, Matalon et al. (15) reported 
significant amelioration of lung injury by instillation 
of exogenous surfactant. At the end of a 64h expo- 
sure to 100% O., the rabbits were anesthetized and 
125 mg of calf lung surfactant extract (CLSE), dis- 
solved in 6-8 mL of 0.15 M sterile NaCl (~170 umol of 
lipid) was instilled in the lungs through the trachea. 
The CLSE was obtained by chloroform-methanol ex- 
traction of cell-free bronchoalveolar lavage of lungs of 
freshly killed calves (18). It consists of 99% lipid and 
1% protein including the low molecular weight hy- 
drophobic apoproteins (SP-B, SP-C). This extract has 
been shown to improve lung mechanics significantly 
both in premature lambs and infants with RDS 
(18,19). The rabbits were rotated slowly during the 
instillation procedure through a 360° arc to enhance 
the distribution of instillate among the different lung 
fields. A second instillation was given 12 h after 
exposure to maintain high lipid levels in the alveolar 
space. Control rabbits received an equal volume of 
saline under similar conditions. 

The distribution of lung surfactant among the 
different lung fields was assessed by adding a small 
amount of Evans blue in the instillate and inspecting 
the different lung lobes for the presence of dye. There 
was intense staining of the dorsal and medial sections 
of the upper, middle, and lower lobes in both lungs. 
Transverse sections of the lower lobes showed stain- 
ing around the main bronchi, with its intensity di- 
minishing toward the periphery. 

The results of this study are shown in Table 4 and 
Figure 5. Surfactant instillation prevented the devel- 
opment of abnormal lung mechanics and alveolar 
collapse and significantly decreased the amount of 
protein in the bronchoalveolar lavage. Moreover, the 
mortality from respiratory failure decreased from 45% 
to 10%. 

It is interesting to note that both surfactant- and 
saline-treated rabbits were hypoxemic while breath- 
ing room air (Pao, ~55 torr; see Table 4). However, 
after breathing 100% O, for 30 min, the mean Pao, of 
the surfactant group was >400 torr while the corre- 
sponding value in the saline group was only 200 torr. 
These data indicate that the hypoxemia in the surfac- 
tant group was caused by areas of low ventilation/ 
perfusion ratio, whereas in the saline group the cause 
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Table 4. Effects of Surfactant Treatment on Hyperoxic 
Lung Injury 
64 h in 100% O, + 24h in air 


Saline- Surfactant- 
treated treated 


Control 
(unexposed) Untreated 


Alveolar 65+1.2 34+0.5° 45+0.8 26 +30 
phospholipid 
(mg/kg) 

Alveolar 
protein 


(mg/kg) 


74435 5623.5 60+20 35+ 3.0 


10402 3042.0 26+2.0° 1020.2" 


41+0.3 6.2+£02 66+0.3 5.6 + 0.1% 


Total lung 80 + 4.0 48 +6." 5742.0 88 + 4.0% 


capacity 
(mL) 

Pao, (torr) 
Fio = 0.21 
Fio = 1.0 


56 +90 52+60 54 £ 3.0° 
200 t 40" 197 +55 446 t 31° 


80 + 3.0 

474 + 16 

Values are mean + SE; n = 4. Rabbits were exposed to 100% O; for 64h 
and then returned to room air. Two boluses of calf lung sarfactant extract 
(125 mg each) suspended in saline were instilled intratracheally immediately 
upon return to room air and 12 h iater. Untreated rabbits received no 
instillations. 

* Significantly different from control, P < 0.05. 

’ Significantly different from saline-treated animals, P < 0.05. 


was a right-to-left shunt. As expected, surfactant 
instillation alleviated the surfactant-deficient state 
and prevented alveoli from collapsing. 

In the above-mentioned study, surfactant was in 
stilled after a significant degree of lung injury had 
developed. Loewen et al. (16) investigated whether 
prophylactic administration of exogenous lung sur- 
factant could prevent or at least minimize the onset of 
hyperoxic lung injury. These authors exposed rabbits 
to 100% O, and instilled intratracheally multiple 
doses of 125 mg of CLSE, dissolved in 10 mL of sterile 
saline, as described by Matalon et al. (15). The first 
instillation was performed after 24 h in 100% Oz, a 
time at which no physiologic or biochemical injury 
could be detected (93); subsequent instillations were 
performed every 24 h thereafter. The rabbits receiving 
CLSE survived considerably longer in 100% O, when 
compared with saline controls. In addition, after 72 h 
in O,, the rabbits receiving CLSE had lower levels of 
alveolar protein and lung wet/dry weight ratios and 
higher total lung capacities compared with either 
those receiving saline or those receiving no instillation. 
In a more recent study, Baker et al. (97) reported that 
rabbits with higher levels of endogenous surfactant, 
but normal levels of lung antioxidant enzymes, 
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survived considerably longer in hyperoxia than nor- injury is multifocal and involves damage to all com- 
mal rabbits. It should be emphasized, however, that, ponents of the blood-gas barrier. Instillation of sur- 
like ARDS, the pathophysiology of hyperoxic lung factant only delays the onset of respiratory failure. 
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Surfactant Treatment in Clinical Adult Respiratory 
Distress Syndrome 


Presently, there are only preliminary reports about 
the efficacy of exogenous surfactant instillation in the 
management of patients with ARDS. Richman et al. 
(23) found a transient increase in Pao, in two patients 
with ARDS after administration of a single dose of 4 g 
of exogenous surfactant. These authors suggested 
that multiple instillations are needed for a sustained 
beneficial effect. Lachmann (98) reported that tracheal 
instillation of natural surfactant (300 mg/kg body wt 
of phospholipid) in a patient with sepsis and severe 
ARDS led to a significant improvement of gas ex- 
change. In both of these cases the surfactant was 
dissolved in sterile saline. These two isolated reports 
indicate that instillation of exogenous surfactant in 
patients with ARDS is feasible and has a temporary 
beneficial effect. Clearly, additional studies are 
needed to document whether surfactant instillation 
improves the morbidity and mortality of patients 
with ARDS. 

Exogenous surfactant supplementation may limit 
the degree of lung injury by a number of different 
mechanisms. First of all, as previously mentioned, it 
restores lung mechanics by replacing depleted alve- 
olar lipid stores and thus overcomes the surfactant 
inactivation by plasma proteins that have entered the 
alveolar space. Surfactant deficiency is known to 
result in alveolar collapse, hypoxemia, and promo- 
tion of the formation of pulmonary edema (99). 
Recent studies by Matalon et al. (100) have also 
identified the existence of a large amount of superox- 
ide dismutase and catalase-type activity in natural 
lung surfactant but not in surfactant extracts such as 
CLSE. As surfactant is taken up by type II pneumo- 
cytes, instillation of natural surfactant may reduce the 
steady-state intracellular and extracellular concentra- 
tions of reactive oxygen species, which are thought to 
be one of the most important factors in the pathogen- 
esis of some forms of ARDS. 


Summary 


The goal of this article has been to examine the role of 
pulmonary surfactant system alterations in the devel- 
opment of ARDS, and the potential efficacy of surfac- 
tant replacement therapy in ARDS and ARDS-type 
injuries. Data from patients with ARDS and animal 
models with ARDS-type injuries clearly indicate the 
existence of a surfactant-deficient state. However, in 
contrast to neonatal RDS, this deficiency generally 
does not represent the primary pathogenic factor. 
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The diversity of the disorders associated with 
ARDS has made it impossible to develop a single- 
animal model that can be used to test potential 
therapeutic measures. The ARDS animal models that 
have been developed are equally diverse, and repre- 
sent the wide variations in severity and time-course 
seen clinically. Nevertheless, almost all of the lung 
injury models show indications of surfactant abnor- 
mality, which is caused mainly by biophysical inhibi- 
tion of surfactant activity by the large amounts of 
proteinaceous edema found in the injured lungs. In 
some cases, this surfactant dysfunction is further 
compounded by a quantitative surfactant deficiency 
brought about by metabolic alterations of the type H 
pneumocytes. 

It is important to note that all of the lung injury 
models studied thus far have shown significant im- 
provements in pulmonary mechanics and arterial 
oxygenation after treatment with exogenous surfac- 
tant. Such results are consistent with biophysical 
studies that suggest that increasing the effective sur- 
factant concentration in the lung should mitigate the 
effects of both quantitative and functional surfactant 
deficiencies. 

Although animal studies suggest that surfactant 
replacement therapy might be efficacious in ARDS, 
there is a good deal of experimental work that still 
needs to be done. Most of what we know about 
clinical surfactant therapy has been developed 
through the treatment of neonatal RDS, and the 
practical problems of scaling up surfactant delivery 
for adult applications are significant. It is clear that 
sustained beneficial effects necessitate multiple instil- 
lations of large amounts of exogenous surfáctant 
(between 50 and 300 mg/kg body wt of lipid). There is 
concern that the distribution of the instilled surfac- 
tant will be grossly nonuniform, with injured areas 
receiving little or no surfactant. Thus, the optimiza- 
tion of the delivery method, dosage, and timing of 
delivery should first be further considered in the 
laboratory before considerations of clinical trials. 
Nevertheless, data presently available from animal 
studies and a limited number of patients show that in 
spite of these problems surfactant administration 
may improve the outcome of patients with ARDS. 


The authors thank Dr. Simon Gelman for his many useful sugges- 
tions in the preparation of this manuscript. The excellent editorial 
assistance of Charlotte Shaw is appreciated. 
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Epinephrine added to local anesthetic solutions may 
prolong the duration of spinal anesthesia. The effi- 
cacyof this practice appears to vary with the local 
anesthetic chosen. Published reports conflict as to 
whether epinephrine increases the duration of anes- 
thesia or has no significant effect when added to 
either bupivacaine (1,2) or lidocaine (3,4). Tetracaine 
does seem to have a prolonged action when vasocon- 
strictors are added (5). Hyperbaric dibucaine (cin- 
chocaine) (Nupercaine) 5% in dextrose has a longer 
duration than that of hyperbaric bupivacaine (6), and 
its duration is reputed, although not documented, to 
be prolonged by the addition of 100-200 yg of epi- 
nephrine (7,8). The present randomized, double- 
blind controlled study was designed to determine 
whether the duration of hyperbaric dibucaine spinal 
anesthesia was prolonged by the additional 200 ug 
epinephrine. 


Methods 


Thirty-five patients presenting for major lower limb 
surgery were studied. The study was approved by 
the Royal Melbourne Hospital Board of Medical Re- 
search and the Ethics Committee on Medical Re- 
search. After giving written informed consent, pa- 
tients entering the study were randomized into one 
of two groups by shuffled card selection. Group 1 
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patients were given 1.6 mL of hyperbaric dibucaine 
5% in dextrose (Astra) to which 0.2 mL normal saline 
solution was added. Patients in group 2 were given 
1.6 mL of hyperbaric dibucaine to which was added 
0.2 mL of 1/1000 epinephrine (0.2 mg) (David Bull, 
Melbourne). Lumbar puncture was performed with a 
22-gauge needle in the lateral position with the oper- 
ative side down. All blocks were performed by the 
author or under his direct supervision. The interver- 
tebral space chosen was L2-3 or L3-4, depending on 
which was considered to be the easiest space to 
perform the block. Once the subarachnoid space was 
entered and a free flow of cerebrospinal fluid (CSF) 
obtained, 1.8 mL of solution was injected over 20 s 
with aspiration at the start of injection, after injection 
of 0.9 mL, and on completion of injection. The patient 
was then turned to the supine position, and the level 
of sensory loss was determined on the operative side 
by light pin prick 5, 10, 15, 20, and 30 min after 
completion of injection. The level of anesthesia was 
then assessed at 15 min intervals thereafter until it 
receded below the level of T-12 or until 4 h had 
passed since the lumbar puncture. If anesthesia was 
still present above the first lumbar dermatome at 4h, 
the block was coded as having regressed to the L-1 
dermatome at 255 min. Blood pressure and pulse 
were recorded at 5 min intervals by a Nippon Collins 
oscillotonometer. 

Before induction of anesthesia, 7 mL/kg normal 
body weight of lactated Ringer’s solution was given 
IV; thereafter, fluids and pressors were administered 
by an investigator who was unaware of the nature of 
the agent administered to the patient. 

Patients were excluded from analysis if anesthesia 
was not successful, i.e., did not extend above T-12 or 
the patient required additional (inhalation) anesthe- 
sia. 
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Table 1. Patient's Median (95% Confidence Limits) Age, 
Height, and Body Weight 


Age Height Weight 
Group n (yr) (cm) (kg) 
Dibucaine + 15 70 (54,76) 165 (162,171) 77 (67,87) 
saline 
solution 
Dibucaine + 15 69 (61,73) 164 (161,169) 73 (65,82) 
epinephrine 
Table 2. Duration of Spinal Anaesthesia 
Median two Median 
segment L-1 
regression regression 
Group time (min) time (min) 
Dibucaine + saline solution 90 180 
Dibucaine + epinephrine 120 255 
Median of the differences 45 (0,90) 60 (30,120) 
(95% confidence interval 
group 2 — group 1) 
P <0.05 <0.001 


Statistical analysis was performed by the Minitab 
statistical package (9) on a personal computer, with 
use of the Mann-Whitney and x” tests as appropriate. 
Differences were considered significant when P < 
0.05. 


Results 


Thirty-five patients were entered into the study. Four 
patients were excluded from analysis because of 
inadequate levels of anesthesia (two from the saline 
solution group, two from the group receiving epi- 
nephrine) and one was excluded because extensive 
blockade required intubation and ventilation to main- 
tain satisfactory respiratory status (epinephrine 
group). A total of 15 patients in each group com- 
pleted the study. The groups were comparable in 
terms of age, weight, and height (Table 1). The time 
taken for anesthesia to regress two segments and to 
regress to below the 12th thoracic dermatome was 
significantly increased in those patients given epi- 
nephrine (Table 2). There was no statistically signifi- 
cant difference in the median height of the block over 
the first 75 min between those patients given epi- 
nephrine compared with those given normal saline 
solution (Table 3). The median maximal height of the 
block in the group receiving epinephrine (T-5), one 
dermatome level higher compared with the group 
receiving saline solution (T-6), was not statistically 
significant (95% confidence interval of the difference 
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Table 3. Median Thoracic Dermatome Level over 
First 75 Minutes 


Time since commencement of block (min) 
5 10 15 2 30 4 & 7 


Dibucaine 
+ saline 12 9 8 7 7 7 9 9 
solution 
Dibucaine 
+ epinephrine 10 8 6 6 5 7 5 
Median of the 1 1 1 1 1 1 2 2 
difference 
95% confidence 0,3 
interval 
P> 0.065 0.05 0.05 0.05 0.05 0.06 0.05 0.05 


22,9 1,3 213 wie rls. 05° OS 


Table 4. Pharmacological Support of Circulation and 
Operation Site 


Vasopressor 
required Operative site 
Group Yes No Hip Knee Foot 
Dibucaine + saline 4 11 6 6 3 


solution 
Dibucaine + epinephrine 6 n 8 4 3 


‘P > 0.06. 


0.00, 4.00; P > 0.05). The need for pharmacological 
support of the circulation was similar in the two 
groups (Table 4), There were no long-term complica- 
tions stemming from the spinal anesthetic. 


Discussion 


This study confirms reports (7,8) that the addition of 
200 ug of epinephrine to 0.5% hyperbaric dibucaine 
significantly prolongs the duration of spinal anesthe- 
sia. 

Vasoconstriction of subarachnoid vessels is un- 
likely to be the mechanism by which epinephrine 
prolongs the duration of some local anesthetics in- 
jected into the subarachnoid space. This is because no 
difference exists between the absorption rates of plain 
and epinephrine containing solutions of either 
lidocaine (10) or tetracaine (11). Direct neural action 
now appears to be responsible for the prolongation of 
spinal blockade by a-agonists. Collins et al. (12) 
demonstrated that the spinal admiristration of epi- 
nephrine in spinal cord transected decerebrate cats 
significantly reduced, in a dose-dependent manner, 
noxiously induced activity in a group of neurons 
involved in the central transmission of information 
about pain. The a,-agonist clonidine exerts an anal- 
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getic effect after intrathecal administration, which can 
be antagonized by the a-antagonist phentolamine 
(13). Clonidine also prolongs the duration of local 
anesthetics administered to the subarachnoid space 
in both animals (14) and humans (15). 

Goto et al. (16) recently reported the clinical pro- 
longation of 0.3% hyperbaric dibucaine spinal anes- 
thesia with very low doses of catecholamines: 2.5 ug 
epinephrine prolonged the time to two segment 
regression of anesthesia from 96 to 136 min, a similar 
dose of norepinephrine resulted in prolongation of 
anesthesia to 193 min. Unfortunately, there are sev- 
eral methodological problems in their study: data 
from patients receiving widely varying doses of cat- 
echolamine were pooled to determine the average 
maximal height of block, and the number of patients 
excluded from analysis is not detailed. The statistical 
method chosen to analyze the data from a small 
sample size was not mentioned; nonparametric tests 
are probably the most appropriate ones to use in such 
a study (17). Their claim that norepinephrine pro- 
longed the duration of anesthesia more than epi- 
nephrine was not supported by statistical analysis. 
The patients in the study of Goto et al. (16) were 
younger, considerably lighter (average weight 54 kg), 
and probably shorter than those in the present study, 
differences that are known to alter the duration of 
spinal anesthesia (18,19). It is unlikely, however, that 
these factors fully account for the reported 50-100% 
increase in duration of anesthesia with use of cate- 
cholamine doses one-eightieth of those used rou- 
tinely to achieve a 25% prolongation of spinal anes- 
thesia. The final conclusion of Goto et al. (16) that 
ischemic damage to the spinal cord may be caused by 
abnormally high levels of CSF catecholamines during 
spinal anesthesia is unsubstantiated by either their 
own study or by the absence of reports of catechol- 
amine-induced spinal cord ischemia despite the cur- 
rent clinical practice employing subarachnoid 
catecholamine doses several orders of magnitude 
greater than those employed by Goto et al. (16). 

In conclusion, 200 ug of epinephrine added to 
0.5% hyperbaric dibucaine led to a 30% prolongation 
of spinal anesthesia in an elderly population under- 
going major lower limb orthopedic surgery, without 
altering the requirement for vasopressor administra- 
tion. 
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The efficacy of orthoclone OKT3 (Muromonab CD3, 
Ortho Pharmaceutical, Raritan, N.J.) in the preven- 
tion and treatment of renal transplant rejection has 
been demonstrated (1,2). Its effectiveness is related to 
suppression of T-lymphocyte activity. Adverse reac- 
tions to OKT3, typically occurring during the admin- 
istration of the first dose, have been reported and 
most commonly include fever, chills, headache, nau- 
sea and vomiting, tachycardia, and hypertension. 
Less frequent reactions include seizures and aseptic 
meningitis (1-3). Previous reports have described 
reactions without specific reference to adverse se- 
quelae in anesthetized patients. As some of the signs 
and symptoms of the reaction may be masked under 
anesthesia, only severe manifestations of intraopera- 
tive toxicity may be evident. The purpose of this 
series of case reports is to alert anesthesiologists to 
the nature of adverse reactions to OKT3 that may 
occur intraoperatively. 


Case 1 


A 39-yr-old, 57-kg woman with chronic renal! failure 
underwent cadaveric renal transplantation. Preoper- 
ative blood pressure (BP) was 130/70 mm Hg; heart 
rate was 80 beats/min. Levels of serum electrolytes 
were within normal limits except for elevations in 
blood urea nitrogen (BUN) and creatinine. Phenytoin 
1 g was administered intravenously over the 1-h 
period before induction of anesthesia as prophylaxis 
against OKT3-induced seizures. Anesthesia was in- 
duced with thiamylal 150 mg, fentanyl 100 ug, and 
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vecuronium 6 mg and was maintained with fentanyl 
50 ugh, 50% nitrous oxide (N,0O}-50% oxygen (O,) 
and isoflurane, approximately 0.5% inspired concen- 
tration. Approximately 2 h after induction, OKT3 10 
mg was administered intravenously over 3 min. Five 
minutes later the heart rate decreased to 40 beats/min 
and rapidly progressed to complete atrioventricular 
block, despite treatment with 5 mg of ephedrine and 
0.8 mg of atropine. External chest compression was 
begun and continued for approximately 1 min; 100 ug 
epinephrine was given intravenously, resulting in 
restoration of normal sinus rhythm at a rate of 90 
beats/min and a BP of 100/50 mm Hg. An arterial 
blood sample drawn during resuscitation showed pH 
7.26, Pco, 28 mm Hg, and Po, 122 mm Hg. The 
operation was completed 2 h later, and the patient's 
postoperative course was notable for a urine output 
of 2 to 3 mL/h and decreased arterial Po, (83 mm Hg 
breathing 50% O). Physical examination and chest 
roentgenographic appearance were consistent with 
pulmonary edema. A puimonary artery catheter 
showed a pulmonary artery pressure of 40/18 mm Hg 
and pulmonary capillary wedge pressure of 8 mm 
Hg. Positive pressure ventilation was continued for 
8 h postoperatively, and hemodialysis was performed 
as well. After this, oxygenation improved and me- 
chanical ventilation was discontinued. The patient 
made a full recovery and was discharged with a 
functioning renal transplant on the seventh postop- 
erative day. 


Case 2 


A 30-yr-old, 51-kg woman with chronic renal failure 
underwent cadaveric renal transplantation. Serum 
levels of electrolytes were within normal limits but 
BUN and creatinine were elevated. Preoperatively, 
arterial BP (measured with a radial arterial catheter) 
was 170/100 mm Hg and heart rate 100 beats/min. 
Anesthesia was induced with thiamylal 325 mg, fen- 
tanyl 250 ug, and atracurium 30 mg and maintained 
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with 50% N,O-50% O., fentanyl (intermittent 50 ug 
boluses), and isoflurane 0.5 to 1.5% inspired concen- 
tration. Approximately 45 min after induction, phen- 
ytoin 1 g was given intravenously over 30 min. OKT3 
10 mg was then administered as a rapid intravenous 
(IV) bolus within 10 min after the completion of the 
phenytoin infusion. Approximately 10 min later, ar- 
terial BP declined from 130/70 mm Hg to 75/40 mm 
Hg, heart rate decreased from 110 to 100 beats/min, 
and arterial hemoglobin saturation (measured with a 
pulse oximeter) decreased from 98 to 85%. Arterial 
blood gas tensions were not measured at the time. 
The decreases in BP and O, saturation were treated 
with O., 100%, and ephedrine, 5 mg IV. An arterial 
blood sample obtained 30 min later with the patient 
breathing 100% O, had a pH of 7.41, Pco, of 35 mm 
Hg, and Po, of 399 mm Hg. The remainder of the 
intraoperative course was uneventful, and O, satura- 
tion subsequently remained at 100% with the patient 
again breathing 50% Op. 


Case 3 


A 22-yr-old, 52-kg woman underwent repeat cadav- 
eric renal transplantation for a failed transplantation. 
Serum levels of electrolytes were within normal lim- 
its. Anesthesia was induced with thiamylal 400 mg, 
fentanyl 150 ug, and atracurium 40 mg intravenously 
and subsequently maintained with intermittent bo- 
luses of fentanyl, 50% N,.O-50% O,, and isoflurane, 
0.5 to 0.75% inspired concentration. OKT3 10 mg was 
given intravenously over 15 min 1 h after induction. 
No phenytoin was administered. Approximately 1h 
later, arterial BP declined to 70/40 mm Hg without a 
change in heart rate. Simultaneously, O, saturation 
measured with a pulse oximeter decreased from 96 to 
91%. Blood gas tensions were not measured. Both 
changes resolved within 1 to 2 min after the admin- 
istration of 5 mg ephedrine and the addition of 5 cm 
PEEP to the breathing circuit. The remainder of the 
operative course was uneventful. 


Case 4 


A 51-yr-old, 53-kg woman underwent cadaveric renal 
transplantation. Preoperative history was notable for 
hypertension and indications of left ventricular hy- 
pertrophy on the electrocardiogram. Serum levels of 
electrolytes were within normal limits. Preoperative 
medications included nifedipine, 20 mg four times a 
day, and atenolol, 50 mg twice a day. Anesthesia was 
induced with midazolam 7 mg, fentanyl 250 ug, and 


atracurium 25 mg intravenously and maintained with 
isoflurane 1.5% inspired and 50% N,O-50% O,. An 
infusion of OKT3 was begun 30 min after induction, 
and 5 mg was infused over 30 min. At the end of that 
time, the heart rate abruptly decreased from 62 to 40 
beats/min and the arterial BP declined from 150/70 to 
120/60 mm Hg. Oxygen saturation remained at 100%. 
Atropine 0.6 mg was given intravenously, resulting 
in an increase in heart rate and BP to the values 
present before administration of OKT3. An additional 
5 mg of OKT3 was given without incident. The 
remainder of the procedure was uneventful. 


Discussion 

Acute rejection of the allograft remains a major clin- 
ical problem in renal transplantation. Conventional 
therapy for rejection has included high-dose steroids 
and antithymocyte globulins. Monoclonal antibodies 
directed against a specific target or antigenic determi- 
nant have been available since 1975 (4). OKT3 is the 
first monoclonal antibody approved for therapeutic 
use. It is prepared by immunizing mice against hu- 
man peripheral T lymphocytes. OKT3 is a murine 
monoclonal IgG2a antibody that reacts specifically 
with the 20,000 dalton CD3, or T3 molecular complex 
of T cells (1). T cells are involved in the cellular 
immune responses that are responsible for rejection. 
The T3 region on the T-cell membrane consists of 
polypeptide chains that relay signals to T cells after 
antigen recognition (5). These signals activate the T 
cell to release interleukin 2, which in turn stimulates 
cytotoxic T cells to react to the foreign antigen (in this 
instance the renal allograft). Only T cells are affected 
by OKT3. After OKT3 occupies the receptor site on 
the T3 complex, host T cells lose their ability to react 
to foreign antigens. In vitro, OKT3 blocks killing by 
cytotoxic human T cells and blocks the generation of 
other T-cell functions. All T cells react with OKT3; 
this results in their removal from the circulation 
within 1 h after OKT3 is administered (6). Comple- 
ment is not involved in this reaction; rather, op- 
sonized T cells are removed by the reticuloendothelial 
system in the liver or spleen. Within 24 to 48 h after 
OKT3 administration is stopped, T-cell function re- 
turns. 

The Ortho Multicenter Transplant Study, a ran- 
domized trial of 123 patients undergoing acute rejec- 
tion of renal allografts, demonstrated that 94% of 
rejection episodes were reversed with OKT3, a sig- 
nificantly better success rate than the 75% achieved 
with conventional steroid use (1). Studies of OKTS for 
prophylaxis against rejection are in progress; to date 


824 ANESTH ANALG 
1989;69:822—5 


they have shown an effectiveness similar to that 
obtained with conventional immunosuppressive 
agents (2,7). Therefore, it seems likely that its use at 
the time of transplantation will increase. 

Adverse reactions to OKT3 are frequent following 
the first dose. In the OKT3 multicenter trial, reactions 
were noted as follows: 73% of the patients developed 
pyrexia, 57% chills, 10% tremor, 21% dyspnea, 14% 
chest pain and tightness, 11% wheezing, 11% nau- 
sea, and 13% vomiting. The reactions typically oc- 
curred 45 to 60 min after the dose was administered 
and lasted for several hours. The use of acetamino- 
phen, diphenhydramine, and corticosteroids prior to 
or at the time of administration of OKT3 decreased 
but did not eliminate the occurrence of reactions (1). 
Slow IV infusion did not reduce symptoms. Pulmo- 
nary edema also occurred in a small number of 
patients. In 122 patients receiving their first dose of 
OKT3 for prophylaxis, Thistlethwaite et al. reported a 
64% incidence of hypertension and an 18% incidence 
of hypotension. Aseptic meningitis or seizures oc- 
curred in about 15% (2). The incidence of reactions is 
lower with multiple exposures. In the same report the 
first dose was given during the transplantation pro- 
cedure, but the authors did not describe the specific 
nature of any serious intraoperative reactions such as 
hypotension. Their dose of OKT3 was limited to 5 
mg/day. In the Ortho Multicenter Trial, OKT3 was 
given to awake patients. 

OKT3 itself is not intrinsically harmful to the heart 
and lungs. The hypotension and arterial desaturation 
we have seen following its use are most likely the 
result of subsequent immune reactions (8). Binding of 
OKT3 to the T3 receptor on T cells leads to two major 
responses. First, the T cells are stimulated to produce 
various cytokines. These polypeptides are chemoat- 
tractants for polymorphonuclear and mononuclear 
leukocytes and, in addition, stimulate these cells to 
produce leukotrienes (peptidyl and nonpeptidyl), 
prostaglandins, thromboxanes, and prostacyclins (9). 
The second major response to the binding of OKT3 to 
T lymphocytes is their destruction by the reticuloen- 
dothelial system. This leads to a further increase in 
the levels of mediators and arachidonic acid metabo- 
lites in the circulation as the contents of the disinte- 
grating T cells are released. 

Leukotrienes may produce severe decreases in 
cardiac contractility and may also produce coronary 
artery vasospasm (10,11), the basis for the phenom- 
enon known as “cardiac anaphylaxis.” The “E” series 
prostaglandins and prostacyclins could produce a 
concomitant decrease in systemic vascular resistance 
(12). In the lung, “F” series prostaglandins and 
leukotrienes may cause pulmonary hypertension, 
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leading to increased fluid transudation into the pul- 
monary interstitium and alveoli (13). Prostanoids 
may directly increase the permeability of pulmonary 
vascular endothelium or attract leukocytes and plate- 
lets that themselves injure the endothelium and alter 
permeability (14). Thus, the net effect of these medi- 
ators on the heart and lungs would be expected to 
consist of hypotension and arterial desaturation as 
experienced by the patients in our report. 

The time course of adverse reactions after OKT3 
administration varied in our patients from immedi- 
ately after administration to nearly 1 h later. In 
previous reports of reactions (1,3), the usual time 
course was 30 to 60 min after OKT3 infusion. This 
time course is consistent with the reactions in pa- 
tients 3 and 4 but may not be in patients 1 and 2. 
Reasons for this discrepancy include the following: 1) 
in both patients, 10 mg, or twice the previously 
described dose, was used; 2) both patients received 
phenytoin prior to OKT3, which may have produced 
additive cardiovascular depression; 3) in previous 
studies, monitoring may not have been as intense as 
in an anesthetized patient, resulting in later recogni- 
tion. Due to the confounding effects of a large num- 
ber of drugs received in the perioperative period, 
surgical manipulation, and other physiological dis- 
turbances possible in the perioperative period, we 
cannot establish with complete certainty a direct 
cause and effect relationship between OKT3 and the 
reactions observed in our four patients. Nevertheless, 
the anesthesiologist would be well advised to be 
prepared to treat similar disturbances in patients 
receiving OKT3 intraoperatively. 

Most patients who receive OKT3 do not experience 
hypotension or arterial desaturation. Our experience 
leads us to believe that the following factors increase 
the likelihood of these types of severe acute reactions 
to OKT3: high dose (on a mg/kg basis), concomitant 
administration of drugs that decrease cardiac contrac- 
tility, e.g., phenytoin, B-blockers, calcium channel 
blockers, volatile anesthetic agents, and hypovo- 
lemia. We believe that appropriate treatment of such 
reactions should include discontinuing the use of 
negative inotropic agents, IV fluid resuscitation, pos- 
itive pressure mechanical ventilation with PEEP, and, 
in extreme cases, inotropic and vasopressor agents. 
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The management of postoperative pain today in- 
creasingly involves use of either epidural narcotics or 
intravenous (IV) patient-controlled analgesia (PCA) 
(1,2). Neither technique is without risk or undesirable 
side effects, such as pruritus, nausea, and urinary 
retention. Whereas epidural morphine requires vigi- 
lance to detect occasional respiratory depression (2), 
IV PCA requires expensive delivery systems subject 
to mechanical failure or human error (3). 

The few studies that have compared epidural to IV 
PCA morphine for the management of postoperative 
pain are limited because only a single dose of epidu- 
ral narcotic was administered (4-6). Following lower 
extremity surgery, we found that epidural morphine 
provided greater patient comfort both at rest and 
with ambulation (7). Epidural morphine may thus be 
particularly advantageous to facilitate early joint mo- 
bilization. 

Postoperative pain following upper abdominal 
surgery is often increased with coughing. This effect 
may cause splinting and a reluctance to breathe 
deeply (8). The purpose of this report is to evaluate 
both the quality of analgesia and the incidence of side 
effects resulting from the management of postopera- 
tive pain with either epidural or IV PCA morphine in 
patients following cholecystectomy. 
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Methods 


With the approval of the institutional human inves- 
tigation committee, a prospective study was under- 
taken of 43 consecutive patients following cholecys- 
tectomy using a subcostal incision. All pertinent 
information during the course of providing analgesia 
was recorded on specially designed patient-care 
forms, checked for completeness, entered in a com- 
puter database, and retrieved for analysis at a later 
time. All patients were ASA physical status I and I, 
and ranged in age from 18 to 84 yr old. 

Patients receiving general anesthesia received IV 
PCA morphine for postoperative analgesia. Intrave- 
nous PCA was initiated with an incremental dose of 1 
mg of morphine, a lockout interval of 8 min, anda 4h 
maximum dose of 30 mg. If pain persisted the incre- 
mental dose was increased to 1.5 mg and/or the 
lockout period decreased to 6 min. Patients were 
instructed both before and after their surgery to use 
the PCA morphine as needed to achieve comfort both 
at rest and upon coughing. 

When general/epidural anesthesia was used, anal- 
gesia was provided with preservative-free morphine, 
administered through a catheter at the L2-3 or L34 
interspace. An initial morphine dose, 2 to 4 mg 
depending on age, was administered in the operating 
room approximately 1 h before the expected comple- 
tion of surgery. Subsequent morphine doses and 
intervals between epidural injections were adjusted 
as needed for each patient to achieve comfort at rest 
and during coughing. The importance of achieving a 
level of comfort to allow hourly incentive spirometry 
was explained to both groups. 

The following information was collected daily: 1) 
the 24-h morphine dose; 2) self-assessment by pa- 
tients of their pain at rest and upon coughing using a 
0 to 10 verbal analogue scale, 0 = “no pain” and 10 = 
“severe pain”; 3) the incidence and severity of pruri- 
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Figure 1. Distribution of pain scores. The pain scores on the first 
postoperative day were self-assessed by the patient using a 0 to 10 
verbal analogue scale, 0 = “no pain” and 10 = “severe pain.” 


tus and nausea (0 = none; 1 = mild, no medical 
intervention; 2 = moderate, medications adminis- 
tered and effective; 3 = severe, medications adminis- 
tered but not effective); 4) the incidence and severity 
of urinary retention (0 = none; 1 = hesitancy; 2 = one 
or two bladder catheterizations needed; 3 = greater 
than two bladder catheterizations or a Foley catheter 
required); and 5) respiratory depression (respiratory 
rate < 8), as detected by a nurse at hourly checks. 

Statistical analysis of categorical data (the inci- 
dence of side effects requiring medical intervention) 
was by the y test without correction for continuity. 
Continuous variables (age and verbal pain scores) 
were analyzed by the Mann-Whitney test. For statis- 
tical significance a two-tailed critical value of P < 0.05 
was employed. Values are reported as mean + stan- 
dard deviation. 


Results 


Postoperative pain was managed with epidural mor- 
phine in 21 patients and with IV PCA morphine in 22 
patients. There was no significant difference in the 
ages of the two groups (53 + 18 and 45 + 18 yr, 
respectively, P = 0.23). 

Patients managed with epidural morphine re- 
ported significantly lower pain scores both at rest (0.8 
+ 1.4 vs 2.7 + 2.4, P = 0.02) and upon coughing (3.6 
+ 2.1 vs 6.9 + 2.1, P = 0.0001). Distributions of pain 
scores are shown in Figure 1. Though patients receiv- 
ing epidural morphine had a significantly greater 
incidence of pruritus requiring medical intervention 
(P = 0.02), there were no significant differences with 
respect to the incidence of nausea or urinary reten- 
tion (Figure 2). There was no clinically evident respi- 
ratory depression as assessed by respiratory rate. 


Discussion 


The effectiveness of incentive spirometry and early 
mobilization following upper abdominal procedures, 
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Figure 2. Incidence of side effects requiring medical intervention. 


currently so favored by surgeons for reduction of 
postoperative respiratory complications, may be lim- 
ited by pain. Fewer postoperative pulmonary compli- 
cations have been reported when analgesia reduces 
splinting and permits deep breathing, coughing, and 
chest physical therapy (8-10). Because pain is not 
static, but varies in accordance with patient activity, 
in the present study we dis-inguished between pain 
at rest and upon coughing. Epidural morphine pro- 
vided greater pain relief under both circumstances 
than did IV PCA with morphine. 

This design is nonrandomized and therefore sub- 
ject to bias. We cannot be certain that the patients in 
the two groups had the same responses to pain. 
However, the observation that patients receiving 
morphine by an IV PCA system did not attain pro- 
found analgesia is in agreement with other studies 
(2,11). This may reflect the limitation imposed by 
increased side effects with the larger doses of IV 
narcotics needed for severe pain. 

In summary we have shown that, compared to IV 
PCA morphine, epidural morphine provides greater 
patient comfort both at rest and upon coughing 
following upper abdominal surgery. 
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The carbon dioxide (CO,) elimination waveform is an 
accepted expression of the ventilation to perfusion 
relationship (V/Q}. During initial exhalation, elimina- 
tion of anatomical dead space (infinite V/Q, zero CO, 
concentration) is followed by elimination of well- 
ventilated, low-resistance regions of the lung (rela- 
tively high V/Q, low CO, concentration). Later, 
poorly ventilated, high-resistance regions of the lung 
(relatively low V/Q, high CO, concentration) are 
eliminated. The continuum of V/Q ratios between 
high and low V/Q areas creates a positive slope 
(upward to the right) to the alveolar plateau part 
(phase 3) of the CO, elimination waveform (1). The- 
oretically, if the continuum of V/Q ratios is broken 
into two distinctly different lung regions (a low- 
resistance, high-V/Q region and a high-resistance, 
low-V/Q region), a biphasic CO, excretion waveform 
might be expected. The only situations in which such 
a biphasic CO, waveform has been described are the 
lateral decubitus position (2) in which the nondepen- 
dent lung has a relatively high V/Q ratio, low CO, 
concentration, and low airway resistance compared 
to the dependent lung (3), and in a supine patient 
with severe rotary kyphoscoliosis causing severe 
compression of one lung (4). We describe a patient in 
the supine position with a large right shoulder roll 
and head turned 45° to the left, who had nearly a 
completely biphasic CO, elimination waveform and 
who, in addition, at the end of operation was found, 
by fiberoptic bronchoscopy, to have the tip of the 
endotracheal tube in the proximal right mainstem 
bronchus. 
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Report of a Case 


A 58-yr-old, 72-kg, 175-cm man presented for a repeat 
right temporal craniotomy and clipping of a right 
middle cerebral artery aneurysm. Eleven days previ- 
ously he had undergone uneventful craniotomy at 
another hospital for evacuation of an intracerebral 
hematoma detected by computerized tomography. 
The aneurysm was found at the time of this initial 
operation, and the patient was transferred to our 
institution for definitive surgery. Speech and mental 
activity were appropriate but slowed. 

The patient had an &0-pack/yr smoking history, 
but denied any pulmonary disease and claimed no 
dyspnea with briskly walking 2 to 3 flat miles. Pre- 
operatively, he was found to have normal airway 
anatomy and bilateral clear breath sounds with good 
symmetrical excursions. While breathing room air 
arterial pH was 7.44, Pao, was 97 mm Hg, and Paco, 
was 42 mm Hg. Chest roentgenogram and electrocar- 
diogram were normal. 

Using local anesthesia, catheters were placed in 
two peripheral veins, in the right subclavian vein and 
in the left radial artery. Monitors included an electro- 
cardiogram, a pulse oximeter, end tidal capnography, 
and a right adductor pollicus neuromuscular stimu- 
lator. 

Anesthesia was induced with sufentanil 50 pg IV 
and thiamylal 125 mg IV, with vecuronium 10 mg IV 
to facilitate tracheal intubation. At direct laryngos- 
copy the vallecula was noted to be quite deep, requir- 
ing a Macintosh 3-blade placed entirely in the mouth 
so that the hinge of the blade was at the lips. An 
8-mm ID endotracheal tube with a Murphy eye was 
passed under direct visualization until the cuff was 
entirely through the true vocal cords and the 24-cm 
mark was next to the anterior middle incisor. The cuff 
was inflated to a just-seal volume. Following intuba- 
tion, the breath sounds were bilateral and equal, the 
CO, capnogram appeared normal (similar to Figure 
2), and the tracheal tube was firmly taped in place: 
The patient was then turned to the left lateral decu- 
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Figure 1. Biphasic capnogram during right mainstem bronchial 
intubation. Each horizontal line indicates 10 mm Hg CO, concentra- 
tion. Read right to left. The first CO, concentration peak ranged 
from 21 to 23 mm Hg, and the second CO, concentration peak 
ranged from 26 to 29 mm Hg. No spontaneous ventilation was 
apparent during this period of controlled ventilation. 


bitus position, at which time a lumbar subarachnoid 
drain was placed. The patient was returned to the 
supine position, and a right shoulder roll was placed 
by the surgeons. Sugita pins were then placed, re- 
quiring the patient's head to be turned 45° to the left 
in the head rest. After these maneuvers the breath 
sounds, endotracheal tube position, and capnogram 
were unchanged, and a humidifier was placed within 
the circuit. Positive pressure ventilation was con- 
trolled (Drager 2 anesthesia machine) with a tidal 
volume of 1000 mL, rate 8/min, I:E ratio of 1:3, and 
fresh gas flow of 5 L/min, so that, for the entire 
subsequent course of anesthesia and surgery, peak 
inspiratory pressure was 30 cm H,O, end tidal CO, 
concentration was 26 to 29 mm Hg, Paco, was 32 to 
34 mm Hg, and Pao, was 155 to 196 mm Hg. 

Anesthesia was maintained for 7.5 h with nitrous 
oxide 66%, a continuous infusion of sufentanil at 0.3 
ug-ke~'-h7?, and isoflurane 0.2 to 0.4%; relaxation 
was maintained with pancuronium 14 mg in seven 
equally divided doses. Throughout the entire induc- 
tion and maintenance of anesthesia, systolic blood 
pressure ranged from 110 to 160 mm Hg, diastolic 
blood pressure from 65 to 90 mm Hg, pulse from 70 to 
88 beats/min, and central venous pressure from 10 to 
14 mm Hg. 

Approximately 2 h into the operation, and without 
change in peak inspiratory pressure, an intermittent 
biphasic CO, waveform appeared on the capnograph 
and the presence of this biphasic waveform contin- 
ued until the end of the procedure (Figure 1). The 
first peak of the biphasic waveform ranged from 21 
to 23 mm Hg, whereas the second peak ranged 


Figure 2. Normal appearing capnogram after the tip of the endo- 
tracheal tube was pulled back above the tracheal carina. Read right 
to left. Each horizontal line indicates 10 mm Hg CO, concentration; 
the end-tidal CO, concentration at the end of this breath was 28 
mm Hg. 


from 26 to 29 mm Hg. The ventilating and CO, 
analyzer circuit integrity was thoroughly checked, 
and no leaks were detectable (5). Likewise, the one- 
way anesthesia circle system valves were functioning 
normally. A 14F suction catheter was easily passed 
down the full length of the endotracheal tube. Breath 
sounds were equal and clear bilaterally. To ensure 
that the patient was not attempting to breath spon- 
taneously during controlled ventilation, multiple at- 
tempts were made to allow spontaneous ventilation. 
During these attempts, there was a complete absence 
of any neuromuscular twitch; no movement of the 
one-way anesthesia circle system valves, the chest, 
airway pressure manometer needle, and ventilator 
bellows; and there was no CO, on the capnograph. 
Similarly, no signs of spontaneous ventilation were 
apparent during the positive pressure breaths. The 
biphasic pattern was slightly diminished (smaller 
central cleft) by increasing the tidal volume (10-15%), 
increasing the I:E ratio (from 1:3.5 to 1:2.0), and 
increasing peak flow rates (uncalibrated dial on the 
Drager 2). However, we were never able to make the 
waveform completely normal with any combination 
of these maneuvers. 

Before awakening the patient and removing his 
head from the Sugita head rest, bronchoscopy was 
performed to determine the exact location of the tip of 
the endotracheal tube. It was found to lie in the right 
mainstem bronchus with the Murphy eye opposite 
the proximal margin of the right upper lobe bronchial 
orifice. As the endotracheal tube was slowly pulled 
back approximately 1 cm, the carina came into'view. 
The capnograph then had a normal, continuausly 
ascending plateau phase 3 (Figure 2). og 
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The sufentanil infusion was discontinued 45 min 
before the conclusion of surgery. At the end of 
surgery, nitrous oxide and isoflurane were discontin- 
ued ahd the neuromuscular blockade reversed. The 
patient emerged from anesthesia with a spontaneous 
ventilatory rate of 14 breaths/min and was extubated 
uneventfully. On the first postoperative day his 
neurological examination had returned to the pre- 
operative baseline. On the second postoperative day 
the patient was transferred back to the referring 
hospital. 


Discussion 

We observed a biphasic CO, elimination waveform in 
a patient with no known lung disease who was found 
to have a right mainstem bronchial intubation. The 
mainstem bronchial intubation, which most likely 
occurred at the time of the onset of the biphasic CO, 
elimination waveform, was probably facilitated by 
the head being turned to the left (6). We hypothesize 
that during inspiration and increasing positive pres- 
sure in the lungs (especially the right lung) with 
consequent lengthening of the tracheobronchial tree, 
the tip of the endotracheal tube probably backed out 
slightly, allowing near equal ventilation of both 
lungs. Thus, breath sounds and peak inspiratory 
pressure were not diagnostic of the mainstem bron- 
chial intubation. During exhalation, decreasing posi- 
tive pressure in the lungs, and shortening of the 
tracheobronchial tree, the tip of the endotracheal tube 
probably reentered the right mainstem bronchus. The 
fact that any maneuver that increased tidal volume 
(increased I:E ratio, peak flow rates, and tidal volume 
setting per se) slightly decreased the central cleft 
in the biphasic waveform was probably indicative 
of the fact that increased lung pressure was keeping 
the endotracheal tube out of the right mainstem 
bronchus for a slightly longer period of time. As 
the tip of the endotracheal tube was located in the 
proximal right mainstem bronchus, with all or most 
of the cuff presumably still lying within the tra- 
cheal lumen, we think it reasonable to assume 
that the initial lower CO, concentration peak of the 
biphasic waveform was from a better ventilated right 
lung. 

There are two possible etiologies for the second 
slightly higher CO, concentration peak. First, reentry 
of the endotracheal tube into the right mainstem 
bronchus may have transiently delayed left lung 
emptying. Second, the reentry of the endotracheal 
tube into the right mainstem bronchus may have 
transiently blocked the right upper lobe. In either 
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case (left lung or right upper lobe blockage), inhala- 
tion into either (or both) of these regions may have 
been initially impeded (the part of inhalation that 
occurred before the endoiracheal tube backed out of 
the right mainstem bronchus), which caused the 
second peak to be slightly more elevated than the 
first. If we had been able to monitor only the end- 
tidal CO, concentrations with a mass spectrometer 
(not the waveform), we would probably have ob- 
served a simple small step increase (caused by the 
second peak) (7). We are certain that intermittent 
spontaneous inhalation (entrainment of CO, free air 
from the circuit) during respirator exhalation cycles 
did not cause the cleft between the peaks in the 
waveform. Upon partial removal of the endotracheal 
tube, so that the tip was in the lumen of the trachea, 
a normal capnogram was obtained. 

We speculate that other pathophysiologic states 
that cause one whole lung (or lobe) to be significantly 
relatively hypoventilated due to a high airway resis- 
tance, and one whole lung to be normally ventilated 
due to a normal airway resistance, may also cause a 
biphasic CO, elimination waveform. Unilateral patho- 
physiologic states that might cause such a biphasic 
CO, elimination waveform pattern include obstruc- 
tion of a mainstem bronchi (with a mass, secretions, 
external tumor, congenital stenosis, and/or endotra- 
cheal tube), and/or compression of a whole lung (by 
air, fluid, or blood). 

Detection of a biphasic CO, elimination waveform 
may have diagnostic and therapeutic implications. 
Recognizing the biphasic waveform may initiate a 
search for, and eventual removal of, the cause of 
unilateral high airway resistance and hypoventila- 
tion. The removal of the cause may be effected by 
maneuvers such as withdrawal of the endotracheal 
tube (as demonstrated by this case), unilateral suc- 
tioning, bronchopulmonary lavage, chest drainage, 
among others. 

In summary, we observed a biphasic CO, elimina- 
tion waveform on capnography in a patient who had 
a bronchoscopically observed mainstem bronchial 
intubation and, most likely, had two lungs with 
distinctly different mechanics. The lungs most prob- 
ably had different airway resistances and CO, con- 
centrations resulting in a biphasic CO, elimination 
waveform. There are potentially other unilateral 
causes of such a biphasic CO, excretion waveform, 
and detection of a biphasic CO, excretion waveform 
may alert the observer to diagnose and treat a poten- 
tially dangerous, but reversible, unilateral patho- 
physiologic condition. 
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Patients with heart failure due to coronary artery 
disease can be managed by afterload reduction as 
long as myocardial oxygen consumption is not in- 
creased by tachycardia and coronary artery perfusion 
pressure is not compromised. Recently, angiotensin- 
converting enzyme (ACE) inhibitors have been intro- 
duced for this purpose, and the active form of the 
ACE inhibitor enalapril, enalaprilat, is now available 
in intravenous (IV) form. This report describes the 
intraoperative management of a patient with a his- 
tory of heart failure and coronary occlusive disease 
who benefited dramatically from enalaprilat, as 
documented by both thermister-tipped pulmonary 
artery catheter monitoring and two-dimensional trans- 
esophageal echocardiography enhanced with color 
flow Doppler. 


Case Report 


The patient was a 66-yr-old, 95-kg, 177-cm man 
admitted for thoracic esophagogastrectomy for Bar- 
rett’s esophagus with adenocarcinoma. Although he 
had never had anginal symptoms, previous work-up 
of a syncopal episode included a treadmill electrocar- 
diogram (ECG) that was terminated after 4.5 min 
because of dyspnea, chest tightness, and diaphoresis. 
Maximal heart rate attained was 150 beats/min, with a 
blood pressure of 210/80 mm Hg. A thallium perfu- 
sion scan revealed apical, lateral, and high septal 
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ischemic lesions. Coronary angiography demon- 
strated the following: (a) left main, 40% lesion; (b) left 
anterior descending, 75%-80% proximal lesion with 
sequential lesions leading to a 65% distal stenosis and 
a 60% ostial first diagonal lesion; (c) obtuse marginal, 
90% proximal occlusion; and (d) right coronary (right 
dominant system) with a 99% distal lesion, involving 
the origins of the posterior descending and postero- 
lateral branches. Ventriculography revealed a re- 
gional wall motion abnormality in the circumflex 
distribution; ejection fraction was estimated to be 
35%. The patient also had a history of sustained 
ventricular tachycardia with persistence of occasional 
unifocal pulmonary venous capillaries (PVCs) treated 
with mexilitine (150 mg twice a day). Serum electro- 
lyte levels, urinalysis, and blood count were normal. 
Pulmonary function tests showed mild restrictive and 
moderate obstructive disease with a good response to 
bronchodilators. A pulmonary artery catheter was 
placed on the day before surgery with the following 
pressure data (mm Hg): right atrium (RA) 10, right 
ventricle (RV) 60/3, pulmonary artery (PA) 58/25, 
pulmonary artery occlusion pressure (PaOP) 26, and 
thermodilution cardiac output 4.0 L/min. At that time 
treatment with IV nitroglycerin (0.5 ug-kg~*-min~*) 
was started, with diminution of PA pressure to 22/14 
mm Hg. A preoperative transthoracic echocardio- 
gram was performed and, despite the difficulty of the 
study, confirmed poor left ventricle (LV) function and 
documented mitral regurgitation (MR). The presence 
of MR noted during transthoracic echocardiography 
suggests significant MR, but because of variability in 
patient anatomy as well as study technique, an abso- 
lute quantitation was not possible. 

On the day of operation, the patient was premed- 
icated with 0.1 mg/kg of morphine, and 0.3 mg of IM 
scopolamine, and was transported to the operating 
room breathing supplemental oxygen by nasal can- 
nula. Electrocardiogram (leads II and V5), digital 


pulse oximeter, and radial and pulmonary arterial 
pressure monitoring were established. Anesthesia 
was induced with 50 ug/kg of IV fentanyl and main- 
tained with additional incremental fentanyl (5 g/kg) 
and intermittent enflurane (0.25% inspired in oxy- 
gen). Muscle relaxation was provided with vecuro- 
nium (0.25 mg/kg IV). Induction was hemodynami- 
cally uneventful. 

A two-dimensional transesophageal echocardio- 
graph (2D-TEE) probe (Hewlett-Packard 77020 AC) 
was then placed atraumatically into the esophagus 
and the heart was interrogated. Anterior and poste- 
rior midpapillary to basilar hypokinesia and akinesia 
were noted, as well as some apical hypokinesia. 
Ejection fraction was calculated to be 35%. Color flow 
Doppler analysis revealed 4+ MR (Figures 1A, 2A) 
and negligible aortic insufficiency. 

Pulmonary artery catheter monitoring revealed 
PA = 53/24 and PaOP = 23 mm Hg with a significant 
v-wave (15 mm) noted during PA occlusion. Blood 
pressure was 125/65 mm Hg. Cardiac output by both 
thermodilution and Doppler analysis was 3.6 L/min. 
One hour after incision the arterial pressure increased 
to 147/82 mm Hg, and PA pressure increased to 58/29 
mm Hg, despite fentanyl (500 ug) administration 
and an increased rate of nitroglycerin infusion (2 
ug-kg~*-h~*). Heart rate was stable at 76 beats/min, 
without ST-segment change suggestive of ischemia. 
Cardiac output remained at 3.6 L/min. Interrogation 
with 2D-TEE revealed no new regional wall motion 
abnormality; MR remained at 4+, and ejection frac- 
tion was estimated at <30%. Enalaprilat (0.625 mg IV) 
was administered. 

Within 3 min heart rate decreased to 68 beats/min 
(Figure 3), and PA and radial arterial pressures de- 
creased to 42/15 and 110/55 mm Hg, respectively. Ten 
minutes after enalaprilat, cardiac output was 6.0 
L/min by Doppler and 4.8 L/min by thermodilution. 
Mitral regurgitation at this time was less than 1+, and 
ejection fraction had increased to 47% (Figures 1B, 
2B). Qualitatively, myocardial function was markedly 
improved. Thirty minutes after enalaprilat blood 
pressure was 105/55 mm Hg, PA was 22/08 mm Hg, 
PaOP was 7 mm Hg without v-wave, heart rate was 
69 beats/min, and cardiac output 4.8 L/min. Urine 
output increased from 0.5 to 1.2 mL-kg~*-min™?. 

The operation was completed uneventfully using a 
total fentanyl dose of 7.5 mg. Postoperatively the 
patient continued to receive IV enalaprilat, 0.625 mg 
every 6 h with stable cardiovascular parameters. He 
was gradually weaned from mechanical ventilation 
and extubated 22 h later. No postoperative change in 
his ECG occurred, and CPK-MB fractions were un- 
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changed. He was discharged from the hospital on the 
lith postoperative day. 


Discussion 


Afterload reduction in patients w-th LV failure is 
often effected using sodium nitroprusside or nitro- 
glycerin, although reflex tachycardia may be a prob- 
lem. Addition of a short-acting B-Elocker to control 
heart rate may negate the beneficial increase in car- 
diac output obtained. Relying on inotropic agents 
may cause increases in myocardial oxygen demand 
that parallel increased ventricular performance. 

Enalaprilat, the de-esterified product of the pro- 
drug enalapril, is a biologically active ACE inhibitor 
presently available in parenteral form (1). Like its 
prototype drug, captopril, enalaprilat inhibits the 
enzyme that converts the inactive decapeptide angi- 
otensin I to the active octapeptide angiotensin II. As 
angiotensin II is a potent vasoconstrictor, enalaprilat 
acts to relax vascular smooth muscle, thus providing 
the anesthesiologist with greater flexibility than has 
hitherto been available for the rapid treatment of LV 
failure. 

It has been reported that the peak effect of enala- 
prilat is reached in 30 min (2). As demonstrated in our 
patient, however, salutary effects occurred within 2 
min (Figure 3), with prompt reduction of both sys- 
temic and pulmonary vascular resistances. Concom- 
itantly, cardiac index increased and all pulmonary 
arterial pressures, right atrial, and systemic arterial 
pressures decreased. For reasons not yet understood, 
heart rate is reported to remain the same or to 
decrease, as was the situation in our case. The result 
is an improvement in cardiovascular performance 
without an increase in myocardial oxygen demand. 
An increase in renal blood flow as a result of in- 
creased cardiac index has also been reported (3), 
perhaps manifested in this case by an increase in 
urine output. 

The recommended initial dose of enalaprilat is 
1.25-2.5 mg IV. At IV doses of 1.25, 2.5, 5.0, and 10.0 
mg, no significant difference in hemodynamic effect 
has been demonstrated (4). Angiotensin II levels have 
been shown to decrease rapidly, with maximum 
suppression at 30 min and a duration greater than 90 
min. Plasma renin activity increases dramatically 
(>300%) due to the loss of angiotensin I feedback; 
there is a progressive, time-delayed decrease in cir- 
culating plasma aldosterone levels. There is also 
considerable variability in neurohumoral response to 
ACE inhibitors, emphasizing the fact that the activity 
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of the renin-angiotensin system varies widely among Figure l. Long axis 2D-TEE view of the left ventricle with color 
‘ j flow Doppler analysis. Structures from top to bottom are, sequen- 


patients with different degrees of congestive heart tially, left atrium (LA), mitral valve leaflets (anterior leaflet on left), 
failure. A major response is often noted after an and left ventricular cavity with LV septum on left and LV free wall 


initial dose, due to simultaneous hemodynamic and on right. Both images are obtained 375 ms after onset of the QRS 
: complex. The MR present at the beginning (A) is absent in the 


neurohumoral effect. After an initial Impact on the image obtained at 11:20 am, 10 min after the administration of 
renin-angiotensin system, however, further enalapri- 0.625 mg of IV enalaprilat (B). 
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Figure 2. Spectral analysis of transmitral flow velocities. The top 
portion of the screen is a two-dimensional image of the LV long 
axis showing placement of the sample volume at the level of the 
mitral valve annulus. Spectral display (lower portion of the screen) 
shows ECG at top with zero baseline below. Velocity scale in 
centimeters per second is displayed to the right. Note that in the 
first frame (A), there is a single inflow velocity occurring 440 ms 
after the onset of the QRS, and no measurable atrial contribution to 
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filling. Mitral regurgitation is also present as represented by “aliased” 
flow (ambiguous velocity representation showing simultaneous 
positive and negative velocities) occurring at 2arly systole (between 
arrows). At 11:51 (B) there is a normal 'E (ventricular component) 
and ‘A (atrial component) velocity inscription during diastole with 
onset occurring 480 ms after the onset of the QRS. Note the absence 
of “aliased” flow during systole. (The sharp inscription occurring at 
the peak of R is coaptation of the mitral leafle-.) 


A 


~ 


ANESTH ANALG 837 


i iii 1989;69:833-9 
OR 15 
VALUES AT 
TIME ti 102 
Left axis 
ART. 
SYS = 147 
MEAN = (1989) 
DIA = 82 
O 
-l O h 
Figure 3. Graphic trend plot of arterial pressure, 98 
PA pressure, and heart rate. Enalaprilat (0.625 mg 
IV) was administered at 11:10 with vital signs at Left axis: 
that time marked to the right of the graph. This PA 
trend persisted for the duration of the case. The SYS = 59 
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cally parallel to the apex and lower graphs, which DIA = 29 
represent time reversed from zero, at which time 
the recording was made. Vital signs at 12:38 were: 
BP, 104/54 mm Hg; PA, 24/10 mm Hg; and HR, 69 
beats/min. 6 
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lat may result in much less dramatic hemodynamic 
effects. The mechanism by which a persistent salu- 
tary hemodynamic effect occurs with repeat doses 
remains to be elucidated. Once treatment with intra- 
venous ACE inhibitors has been initiated, conversion 
to oral form can be effected simply by substitution of 
enalapril for enalaprilat. 

The hemodynamic and neurohumoral effects of 
enalaprilat lend themselves to several intraoperative 
anesthetic applications. Patients with either chronic 
or borderline heart failure preoperatively, and who 
develop acute decompensation intraoperatively, have 
been shown to benefit from both short- and long- 
term afterload reduction (5). The direct reduction of 
systemic vascular resistance and peripheral vascular 
resistance is moderate, and, in those few cases where 
a more profound reduction occurs, blood pressure 
responds to fluid administration. Moreover, in pa- 
tients with coronary occlusive disease, who cannot 
afford the increased oxygen demand associated with 
an increase in heart rate, the effect of ACE inhibitors 


on the baroreceptor-reflex is ideal. The use of ACE 
inhibitors in hypertensive patients with a high renin 
state is documented and logical, but ACE inhibitors 
have also been shown to benefit patients with con- 
gestive heart failure who do not have a high renin or 
sodium state (6). This latter response may be due to 
some other direct or indirect action of ACE inhibitors. 
Therefore, use of ACE inhibitors as an adjunct to 
anesthesia in patients with a history of hypertension 
may also be appropriate. To date, the use of ACE 
inhibitors in patients displaying right-sided heart 
failure remains to be studied, although it can be 
surmised that the direct reduction of PVR could be 
advantageous. 

The successful treatment of MR in our patient 
demonstrates an additional effect of ACE inhibitors 
for patients with heart failure, coronary artery dis- 
ease, and valvular insufficiency. As demonstrated in 
the hemodynamic data and the illustrations (Figures 
1-4), the reduction in mitral insufficiency contributed 
significantly to the documented improvement in car- 
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Figure 4. Short axis views obtained at midventricular level (A) 
before and (B) after the administration of enalaprilat. The LV is 


displayed to the right of the RV. Both views are obtained at end 
systole. Circumference and cross-sectional areas are marked. 
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diac output by both thermodilution and echocardio- 
graphic measurements. Preload and afterload reduc- 
tion are known to reduce the ischemia resulting from 
high loading conditions. Thus, it appears that ACE 
inhibitors are particularly beneficial in cases of signif- 
icant valvular insufficiency where afterload reduction 
may be beneficial, but where reflex tachycardia due to 
other afterload reducing agents could be detrimental 
(7). Although short-acting B-adrenoreceptor blockers 
could be used in similar clinical situations, their role 
is limited when ejection fraction is significantly im- 
paired. 

In summary, this case demonstrates the efficacy of 
the new ACE inhibitor, enalaprilat, in the rapid 
treatment of intraoperative left ventricular failure as 
graphically documented by 2D-TEE. In addition, we 
have shown the use of 2D-TEE to rapidly differentiate 
acute left ventricular failure from new-onset ischemia 
in patients with coronary artery disease. 
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It is well known that anesthesia and surgery may 
precipitate muscle weakness in patients with myas- 
thenia gravis (1), with some patients not recognized 
as myasthenics until such episodes (2,3). In such 
instances, the diagnosis of myasthenia gravis is usu- 
ally based not only on the increased sensitivity to 
neuromuscular relaxants but also on the develop- 
ment of generalized muscle weakness after surgery, 
suggestive of exacerbation of mild or restricted type 
of myasthenia gravis by surgical stress. In this case 
report, we describe a patient with an increased sen- 
sitivity to pancuronium who, in spite of a high titer of 
antiacetylcholine receptor antibodies, showed no 
clinical manifestations of myasthenia gravis during 
the perioperative period. 


Case History 


A 74-yr-old woman, 37 kg in weight and 141 cm in 
height, was scheduled for gastrectomy for a gastric 
ulcer. She had no remarkable past medical history 
and was taking no medication. Physical examination 
was unremarkable and no signs of muscle weakness 
were observed. Preoperative laboratory findings 
were within the normal range. 

The patient was premedicated with 0.4 mg of 
atropine IM. Immediately before induction of anes- 
thesia, 1 mg of pancuronium was given intravenously 
to prevent succinylcholine-induced fasciculations. 
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Two minutes after the administration of pancuro- 
nium, she became apneic and unresponsive. Ventila- 
tion with 100% oxygen was initiated. When pro- 
nounced fade on tetanic stimulation (50 Hz) by 
peripheral nerve stimulator was found, anesthesia 
was induced with 1.5% halothane and the trachea 
was intubated. Anesthesia was maintained with ni- 
trous oxide (67%) and halothane (0.4%-1.5%) in 
oxygen. The patient required no acditional doses of 
muscle relaxants during the 150 min of surgery. 
Although she was awake, respansive, and breathing 
spontaneously at the end of the operation, there was 
slight fade on tetanic stimulation. After administra- 
tion of 1 mg of neostigmine with 0.5 mg of atropine, 
response to tetanic stimulation was sustained and her 
trachea was extubated. The postoperative course was 
uneventful and she showed no signs of muscle weak- 
ness. 

Postoperatively, neurological examination was 
normal. There was no evidence of diplopia, ptosis, 
muscle weakness, or easy fatigabilitv. Clinical tests of 
fatigability were negative. No abnormality in the 
neuromuscular transmission was demonstrated by 
single-fiber electromyography, a most sensitive and 
specific test for evaluation of ncrmal neuromuscular 
transmission (4). A specific immunoprecipitation as- 
say (5) revealed a very high titer of antiacetylcholine 
receptor antibodies (30.4 pmol‘mL; normal range, 
<0.2 pmol/mL). Computed tomegraphy demon- 
strated the presence of a thymoma in her anterior 
mediastinum. 

Seven months after the gastrectomy, the patient 
was scheduled for total thymectomy. Before surgery, 
the patient gave written informed consent to partici- 
pate in data collection protocols approved by the 
Ethical Committee of our institution. The patient was 
premedicated with 0.5 mg of atropine IM. After 
insertion of an IV catheter, she was given 100 yg of 
fentanyl and 5 mg of droperidol. After topical laryn- 
gotracheal anesthesia with 2 mL of £% lidocaine, her 
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Table 1. Effects of Incremental Doses of Pancuronium on 
Neuromuscular Transmission 





Time (min)“ 


0 10 20 30 


eee ee 
Injection dose of pancuronium (mg) 0 OL. G2. 06 
Cumulative dose of pancuronium (mg) 0 G1 03 Q9 
Twitch height” (%) 100 100 74 2 

Train-of-four ratio 1.0 LO O71 Ti 


ee 


T,, only the first response to train-of-four stimulation was recorded. 

“Effects of pancuronium were assessed 10 min after each injection. 
Baseline values were measured just before the injection of 0.1 mg of 
pancuronium. Each assessment except the last one was immediately fol- 
lowed by the next injection. 

"Twitch height expressed as a percentage of baseline value. 


trachea was intubated and anesthesia was started 
with 100 mg of thiamylal and maintained with 67% 
nitrous oxide in oxygen. Ten minutes after induction, 
the effect of pancuronium was examined in a dose- 
related manner using a neuromuscular transmission 
monitor (6). Injections of 0.1, 0.2 (total 0.3), and 0.6 
(total 0.9) mg of pancuronium were made every 10 
min and effects were assessed by measurement of 
twitch height and train-of-four ratio before each in- 
jection and 10 min after the last injection (0.6 mg) of 
pancuronium. The results are summarized in Table 1. 
The small doses of pancuronium blocked neuromus- 
cular transmission in a dose-dependent manner. As 
muscle relaxation was sufficient after a cumulative 
dose of 0.9 mg of pancuronium, operation was 
started after administration of halothane. The opera- 
tion was concluded with no additional doses of 
muscle relaxants. Reversal of neuromuscular block- 
ade was achieved with 1.85 mg of neostigmine and 
0.74 mg of atropine. The trachea was then extubated 
and the postoperative course was uneventful. 


Discussion 


It is a well-recognized fact that unexpected paraly- 
sis from a small dose of nondepolarizing muscle 
relaxants can be encountered in patients with undi- 
agnosed myasthenia gravis (2,3). These patients 
represent a rare but important problem for anes- 
thesiologists because such patients are usually not 
recognized as myasthenic until the development of 
prolonged postoperative apnea. In such cases, devel- 
opment of clinical myasthenia gravis after the opera- 
tion as well as the increased sensitivity to neuromus- 
cular relaxants often leads to the diagnosis of 
myasthenia gravis. Our patient also exhibited pro- 
found muscle weakness after a small, normally sub- 
paralyzing dose of pancuronium. The very high titer 
of antiacetylcholine receptor antibodies was sug- 
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gested as a causative factor in her increased sensitiv- 
ity to pancuronium. During induction of her second 
anesthesia for total thymectomy, the decreased mar- 
gin of safety in neuromuscular transmission was 
demonstrated by measurement of twitch responses 
after the administration of pancuronium in small, 
incremental doses. 

Unlike previously reported patients in whom my- 
asthenia gravis was first identified during anesthesia 
and surgery (2,3), our patient had no clinical mani- 
festations of myasthenia before, during, or after her 
first operation. Like Rogoff et al. (7) in their case, we 
did not make a diagnosis of clinical myasthenia gravis 
in our patient. It appeared that the decrease in the 
margin of safety in this patient was not severe 
enough to cause the failure of neuromuscular trans- 
mission in the usual, nonstressed state. This was 
supported by the fact that the amount of pancuro- 
nium required to produce a significant neuromuscu- 
lar blockade in our patient was substantially greater 
than that needed to produce similar degrees of block- 
ade in true cases of clinical myasthenia gravis as 
reported by Blitt et al. (8). Indeed, Cuenoud et al. (9) 
found high titers of antiacetylcholine receptor anti- 
bodies in 3 of 11 patients with a thymoma removed 
by operation but without clinical myasthenia gravis. 
They described these three patients as “premyas- 
thenic state” and suspected that antibody titers or 
affinity to acetylcholine receptors might fall just short 
of being sufficient to induce myasthenic symptoms. 
Our patient appeared to be in the premyasthenic 
state, i.e., neuromuscular transmission was impaired 
in her even though she had no myasthenic symp- 
toms. 

The administration of a subparalytic dose of pan- 
curonium before the administration of succinylcho- 
line is a fairly common practice among anesthesiolo- 
gists to avoid some of the undesirable side effects of 
succinylcholine. Small, priming doses of pancuro- 
nium have also been advocated to facilitate rapid 
tracheal intubation without using succinylcholine 
(10). As suggested by Schwarz et al. (11), our present 
case demonstrated an added advantage of small 
priming doses: prevention of serious perioperative 
complications resulting from unexpected sensitivity 
to nondepolarizing muscle relaxants in an apparently 
nonmyasthenic patient. 

In summary, we report a case of increased sensi- 
tivity to pancuronium in a patient with no clinical 
manifestations of neuromuscular disorders. Al- 
though neurological examination was negative, a 
very high titer of antiacetylcholine receptor antibody 
and highly abnormal responses to the injection of 
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small, incremental doses of pancuronium indicated 
the presence of a premyasthenic state. 
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Inorganic Fluoride and Prolonged Isoflurane Anesthesia in the 


Intensive Care Unit 


Robert D. Truog, Mp and Susan A. Rice, PhD 


Key Words: ANESTHETICS, vo_att_e—isoflurane. 


Isoflurane is a safe anesthetic for routine as well as for 
prolonged surgical procedures. It has also been em- 
ployed in the intensive care unit (ICU) to treat con- 
ditions such as refractory status asthmaticus (1) or 
status epilepticus (2). These situations may require 
the administration of isoflurane for extended periods 
of time, well beyond the limits of documented safety. 
We report a case of prolonged isoflurane administra- 
tion resulting in potentially nephrotoxic serum con- 
centrations of inorganic fluoride (F7). 


Case Report 


A 2-yr-old girl was admitted for correction of complex 
congenital heart lesions with cyanosis. Aside from 
her cardiac condition she had been healthy before 
surgery. The operative course was uneventful, but 
after surgery she developed continuous severe cho- 
rea. The presumed etiology was a lesion in the basal 
ganglia related to cardiopulmonary bypass. The cho- 
rea was only mildly responsive to multiple neurolep- 
tic and sedative drugs, and her incessant writhing 
produced severe bleeding excoriations over her entire 
body. 

Three weeks after surgery her physicians re- 
quested general inhalational anesthesia for several 
days in an attempt to suppress her movement, allow 
her skin to heal, and perhaps effect a remission. At 
the time medications included phenobarbital, pheny- 
toin, reserpine, furosemide, aldactone, and oxacillin. 
After parental consent, general anesthesia was in- 
duced with midazolam, muscle relaxation was 
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achieved with succinylcholine, and the trachea wa 
intubated. Anesthesia was maintained with isoflt 
rane in 40% oxygen (Q,) and ventilation was cor 
trolled. Arterial blood gas tensions during the anes 
thetic were as follows: Pco, = 37 + 3.8, Po, = 116: 
16.2, pH = 7.46 + 0.05 (mean + sp, n = 23). Th 
isoflurane concentration was titrated to stop he 
movements. Although she initially responded to a 
inspiratory concentration of only 0.6%, by the fift 
day she required 2.0%. 

Inhalational anesthesia was discontinued afte 
112 h. She had ~107 minimal alveolar concentratior 
hours (MAC-h) of isoflurane (MAC = 1.15%). Serur 
F` concentrations were measured by an ion-specifi 
electrode after microdiffusion (National Medical Ser 
ices, Willow Grove, Pa.). The peak serum F` concer 
tration was 36.8 uM after 73 MAC-h (Figure 1), th 
last sample obtained during the administration c 
isoflurane. There was a significant relationship be 
tween time of exposure to isoflurane and serum F 
concentration (r = 0.91, P < 0.02) (3). Four hours afte 
the isoflurane was discontinued the level had de 
creased to 17.4 uM. 

There was no apparent change in renal functio: 
during the anesthetic as evidenced by daily urinaly 
ses and serum blood urea nitrogen (BUN) and creat 
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Figure 1. Serum fluoride levels vs MAC-hours of isoflurane. Th 
total anesthetic exposure was 107 MAC-h. The final level we 
drawn 4 h after the anesthetic was discontinued (r = 0.91, P < 0.0 
(3). 
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Table 1. Renal, Hepatic, and Hematologic Indices During Prolonged Isoflurane Anesthesia 
8 h before A VES 24 h after 
Index isoflurane 8.3 22.6 42.4 68.1 107.0 isoflurane 
Serum creatinine (mg/dL) 0.4 0.4 0.4 0.2 0.2 G4 0.2 
BUN (mg/dL) 7 3 2 2 6 1L 9 
Urinary specific gravity 1.010 1.010 1.015 1.012 1.032 1.006 1.020 
SGOT (mU/mL) 34 26 24 16 15 69 
SGPT (mU/mL) 54 45 41 37 30 27 41 
Lactate dehydrogenase (mU/mL) 333 253 239 173 201 265 
Alkaline phosphatase (mU/mL) 71 72 71 62 52 59 57 
Hemoglobin (g/dL) 13.1 12.3 11.0 a a 10.9 9.1 8.9 
White blood cell count (x 10°/mL) 16.2 12.5 13.6 15.2 21.4 218 20.2 
Platelet count (x 10°/mL) 352 247 168 340 
Creatine phosphokinase (mU/mL) 11 11 996 





inine concentrations (Table 1). After 68.1 MAC-h of 
isoflurane, urinary specific gravity was 1.032 with a 
normal urinalysis, implying no impairment in renal 
concentrating ability. There were also no significant 
changes in hepatic function as measured by serum 
levels of serum glutamic oxaloacetic acid transami- 
nase (SGOT), serum glutamic pyruvic transaminase 
(SGPT), lactate dehydrogenase, and alkaline phos- 
phatase. Her white blood cell count and platelet 
count remained stable, but her hemoglobin concen- 
tration decreased steadily, probably the result of 
multiple diagnostic phlebotomies. Her serum cre- 
atine phosphokinase and SGOT levels abruptly in- 
creased after the isoflurane was discontinued, most 
likely related to the sudden increase in her choreo- 
athetoid movements. She remained hemodynami- 
cally stable throughout the anesthetic. She was extu- 
bated within 2 h of discontinuing the isoflurane, but 
unfortunately her movement disorder returned with- 
out any noticeable improvement. 


Discussion 

We report a patient treated with 107 MAC-h of 
isoflurane anesthesia. The peak measured serum F~ 
concentration of 36.8 uM is, to our knowledge, the 
highest serum F concentration documented with 
this agent in humans. Experience with methoxy- 
flurane and enflurane anesthesia indicates that 
F -induced nephrotoxicity initially manifests as an 
inability to concentrate urine and is generally asso- 
ciated with peak serum F` concentrations >50 uM. 
Peak serum F` concentrations as low as 33.6 uM may 
be nephrotoxic, however, when present for a pro- 
longed period of time (4). The F~ concentrations 
attained in this patient suggest that prolonged ad- 


ministration of isoflurane may result in serum F` 
concentrations that have been associated with neph- 
rotoxicity under these conditions. 

several studies have investigated prolonged use of 
isoflurane. Revell et al. (5) described a child who had 
73 MAC-h of isoflurane for status asthmaticus. The 
serum F levels peaked at 9.5 uM and there was no 
evidence of renal toxicity. Another case report docu- 
mented a patient with status epilepticus who re- 
ceived ~68 MAC-h of isoflurane (2). Although serum 
F™ concentrations were not measured, urinary F` 
elimination was not elevated, renal concentrating 
ability was maintained, and BUN and creatinine 
levels did not increase. Two additional case reports 
describe isoflurane anesthetics of 43- and 25-MAC-h 
duration but fail to comment on specific indices of 
renal toxicity or serum F` concentrazions (1,6). Oik- 
konen (7) studied seven patients given up to 6.7 
MAC-h of isoflurane anesthesia. No renal effects 
were seen and the highest recorded serum fluoride 
concentration was 5.6 uM. Finally, in addition to the 
case presented, we administered 52 MAC-h of iso- 
flurane to a 19-yr-old woman who developed a mea- 
sured peak serum F` concentration of 10.5 4M (un- 
published data). 

In addition to duration of exposure, metabolism of 
halogenated anesthetics is increased by drugs that 
enhance the activity of hepatic mixed-function oxi- 
dase systems. Treatment of rats with phenobarbital 
or phenytoin increases the in vitro release of F` asa 
result of the metabolism of isoflurane (8). Both of 
these drugs probably contributed to the high serum 
F~ concentrations seen in our patient. 

The patient whom we describe required an in- 
creasing inspiratory concentration cf isoflurane to 
control her movements. Tolerance tc isoflurane has 
not been reported in humans, and one study of mice 
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chronically exposed to low concentrations of isoflu- 
rane for up to 63 days found no evidence of tolerance 
to this agent (9). 

This case report shows that extended use of iso- 
flurane in the ICU may result in serum F concentra- 
tions approaching nephrotoxic levels. The question- 
able safety of prolonged administration may become 
of greater concern if the use of isoflurane in ICUs 
becomes more prevalent. A recent letter describes the 
routine use of 0.5%-1.0% isoflurane for up to 150 h to 
sedate patients postoperatively (10). Although nar- 
cotics and benzodiazepines are currently the most 
commonly used sedatives in critical care medicine, 
isoflurane has properties that may make it an attract- 
ive alternative to these agents. Further studies must 
be done, however, to document its safety in this 
setting. 


The authors acknowledge Marc Hershenson, MD, Mark Rockoff, 
MD, Amy Wittet, RN, and Richard I. Mazze, MD for assistance 
with the manuscript. 
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Isolated Postoperative Myoglobinuria in a Pediatric Outpatient 


A Case Report of Malignant Hyperthermia 
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Malignant hyperthermia (MH) may manifest itself by 
a variety of intraoperative signs. Unfortunately, its 
presentation may also be insidious, making diagnosis 
difficult. 

We report a case of biopsy-proven MH in a pedi- 
atric outpatient in whom the presenting symptom 
was isolated postoperative myoglobinuria, inciden- 
tally noted just before hospital discharge. 


Case Report 


An 8-yr-old boy with an 8-mo history of dysphagia 
was scheduled for elective outpatient esophagogas- 
troscopy. An esophagram and barium-cookie swal- 
low 3 wk before esophagogastroscopy were normal. 
No other associated complaints were elicited from the 
patient or his parents. 

Surgical history included a tonsillectomy per- 
formed at another institution 4 mo before admission. 
Anesthesia records of the case were not available, but 
the parents were unaware of any anesthetic or surgi- 
cal complications. There was no family history of 
malignant hyperthermia or anesthesia-related prob- 
lems. | 

Physical examination revealed a healthy-ap- 
pearing, 29.7-kg boy in no distress, with an oral 
temperature of 37.1°C and a heart rate of 108 beats/ 
min. Examination of the airway, heart, and lungs was 
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unremarkable. Preoperative laboratory studies re- 
vealed a hemoglobin of 12.0 g/dL and a normal 
urinalysis. 

After intramuscular premedication with 0.6 mg of 
atropine and 2.0 mg of midazolam, a precordial 
stethoscope, pulse oximeter, blood pressure cuff, and 
electrocardiogram (ECG) electrodes were placed, and 
anesthesia was induced with nitrous oxide (N,O) and 
halothane in oxygen (O,). The initial axillary temper- 
ature reading was 36.5°C. After preoxygenation, a 
single 60-mg IV dose (2 mg/kg) of succinylcholine was 
given to facilitate intubation with a cuffed 5.5-mm 
internal diameter oral RAE tracheal tube. No mas- 
seter muscle rigidity was noted with intubation. 

Anesthesia was maintained with N,O/O./halo- 
thane and proceeded uneventfully. No arrhythmias, 
arterial desaturation, tachypnea, muscle rigidity, or 
temperature elevation were noted. The heart rate was 
140 beats/min upon arrival in the operating room and 
ranged from 140 to 150 beats/min during the proce- 
dure. End-tidal carbon dioxide was not monitored. 

Esophagogastroscopy and pharyngoscopy re- 
vealed a small hypopharyngeal (Zenker’s) diverticu- 
lum and a prominent cricopharyngeus muscle. After 
extubation when awake, the patient was taken to the 
recovery room, given supplemental oxygen by face 
mask, and monitored by ECG. Vital signs on arrival 
in the recovery room included an axillary tempera- 
ture of 36.0°C, a respiratory rate of 32 breaths/min, 
and a pulse of 152 beats/min. The patient was trans- 
ferred to the adjacent outpatient area 30 min later. 
Two hours later and almost 3.5 h after induction of 
anesthesia, he voided dark-colored urine, which was 
incidentally noted by the nursing staff. 

The anesthesia service was notified and upon 
arrival found the patient to be awake, acyanotic, in no 
distress, taking fluids, watching television, and con- 
versing with his parents. On questioning, he com- 
plained only of a mild sore throat. Vital signs at this 
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time were a heart rate of 110 beats/min, a respiratory 
rate of 20 breaths/min, and an oral temperature of 
37.5°C. Blood drawn had a creatinine phosphokinase 
(CPK) level of 19,635 IU/L (normal 35-232). Serum 
electrolyte levels included potassium at 4.4 mEq/L 
(normal 3.5-5.3) and CO, at 27.2 mEq/L (normal 
23-30). A urine sample was positive for myoglobin. 
Arterial blood gas analysis was not done. 

The patient’s temperature ranged from 37.5° to 
38.0°C orally over the next several hours. The heart 
rate ranged from 90 to 110 beats/min and the respi- 
ratory rate from 20 to 24 breaths/min. The patient 
remained awake, acyanotic, comfortable, and wished 
to go home. He was admitted to the hospital, how- 
ever, for hydration, observation, and continuous 
monitoring. Because of concern that this might be 
early, albeit atypical, onset of MH, 2.5 mg/kg of 
dantrolene was given intravenously. The patient was 
discharged the following day after an uneventful 
night. 

Eight months later, a vastus lateralis muscle biopsy 
was obtained under a nontriggering general anes- 
thetic and, in a laboratory conforming to the guide- 
lines of the Malignant Hyperthermia Association of 
the United States, tested positive for MH with expo- 
sure to 3% halothane, to caffeine alone, and to 
caffeine in the presence of 1% halothane. The pa- 
tient’s sister was subsequently tested and also found 
to be positive for MH. Testing of additional family 
members is pending. 


Discussion 


Myoglobinuria, although part of the clinical spectrum 
of MH, is an unusual presenting feature of the 
disorder. In the absence of additional evidence of MH 
or susceptibility to MH, myoglobinuria could easily 
be attributed to other factors, most notably the ad- 
ministration of succinylcholine. Visible myoglobin- 
uria after the use of succinylcholine is well docu- 
mented (1-12), with a reported incidence in children 
of 1 in 250 by one author (13). 

The clinical presentation of malignant hyperther- 
mia can be highly variable (14), however, and may 
present initially in the postoperative period. Any 
patient receiving general anesthesia is potentially at 
risk for MH; the ambulatory surgical patient is no 
exception. Although a “relative absence” of reported 
cases of MH in the ambulatory setting through 1982 
has been noted by one author, the same author then 
identified six cases, three confirmed and three sus- 
pected, in 1983-1984 from approximately 50 reporting 
centers (15). 
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In our institution, the elective use of succinylcho- 
line to facilitate tracheal intubation, especially after a 
halothane induction, has become less popular, as 
awareness of potential complications has increased. 
The likelihood of myoglobinemia (16,17), myoglobin- 
uria (1,16,18), and MH (19) is increased when succi- 
nylcholine and halothane are used in combination. 
Additionally, myoglobinuria has been associated 
with acute postoperative renal failure (2,10-12,17), 
another factor to consider when using the combina- 
tion of succinylcholine and halothane. 

A serum CPK level of 20,000 IU/L after an episode 
of masseter spasm is believed to establish the diag- 
nosis of MH in the absence of a muscle biopsy (20). 
No similar recommendation exists regarding myoglo- 
binuria and an associated CPK elevation. If muscle 
biopsy testing were not available or the family re- 
fused testing, we would use nontriggering agents for 
any subsequent surgery. 

In this case MH was suspected only after the 
patient was incidentally noted to void tea-colored 
urine. This raises the issue of whether ability to void 
and visual inspection of the urine should be a pre- 
requisite to discharge from the pediatric ambulatory 
surgical unit, as well as after adult ambulatory sur- 
gery. 

Voiding before discharge is commonly required in 
adults because of a higher incidence of postoperative 
urinary retention. A review of discharge criteria and 
anesthetic complications after pediatric outpatient 
surgery (21-30) reveals that few, if any, centers 
require infants and children to void before discharge, 
and that postoperative urinary retention in these 
younger patients, unlike adults, is exceedingly rare. 
A review of outpatient surgery looking specifically at 
pediatric urology patients (31) mentions no case of 
postoperative or postdischarge urinary retention and 
did not require patients to void before discharge. A 
single study (32) did mention a 7.6% incidence of 
“mild difficulty” in voiding after pediatric surgery, 
“mild” being defined as a complication “for which no 
action or intervention was required.” A 1.1% inci- 
dence of “moderate difficulty” in voiding was also 
reported in this study, “moderate” meaning the 
“complication was one severe enough to call for some 
action . . . but not requiring the presence of a physi- 
cian or hospitalization.” 

Our practice mirrors that of most other institutions 
in that the ability to void has not been, and is not 
currently, a criterion for discharge from the outpa- 
tient surgery unit. Nor have we seen a single case of 
urinary retention after discharge of day surgery pa- 
tients with a normal genitourinary system (C. Firlit, 
personal communication). 
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Although we are not advocating institution of a 
policy requiring pediatric patients to void before 
discharge, we do recommend that any patient who 
voids tea-colored urine be further evaluated. Parents 
should be told to call the anesthesia department or 
on-call anesthesia personnel should they notice dis- 
coloration of the urine after discharge, assuming 
there is no other known cause for the discoloration 
(e.g., concurrent drug administration, ingestion of 
certain foods). 

A second case at our institution has highlighted 
the importance of this recommendation. A healthy 
4-yr-old girl, ASA physical status I, received a 
halothane/N,O/O, general anesthetic for extensive 
dental restorations. Succinylcholine was used to fa- 
cilitate intubation. The intraoperative and recovery 
room course was unremarkable. “Smokey” urine was 
incidentally noted before discharge from the outpa- 
tient area. Urinalysis was positive for myoglobin. The 
initial CPK was 47,852 IU/L and peaked the following 
morning at 69,495 IU/L. The patient was otherwise 
asymptomatic. There was no family history of muscle 
diseases or difficulty with surgery or anesthesia. She 
was given dantrolene, admitted for observation, and 
discharged 2 days later without sequelae. Renal func- 
tion, as judged by urinalyses and serial measurement 
of serum blood urea nitrogen and creatinine levels, 
was normal. Muscle biopsy was recommended but to 
date has been refused by the family. 

These cases emphasize the importance of a high 
index of suspicion for MH, even if the presenting 
symptoms or signs are atypical or seemingly minor. 
‘Although myoglobinuria may have other causes, at 
least one MH expert recommends diagnostic muscle 
biopsy for all patients who have myoglobinuria after 
anesthesia (33). We hope that additional clinical expe- 
rience and follow-up will provide us with more 
definitive guidelines. 
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Letters to the Editor 


Alfentanil Partition Coefficient 
Key Words: ANALGESICS, ALFENTANIL. 


To the Editor: 


Dr. Jos Heykants has informed us that there was a typo- 
graphic error in his original publication from which Dr. 
DiFazio and I calculated the octanol: water partition coeffi- 
cient for alfentanil (1,2). This error caused us to report the 
partition coefficient as 14 rather than 140. 

We would also like to correct the calculated brain lipid 
concentrations in Table 1, which should have been micro- 
molar rather than millimolar (2). 

In conclusion, the change in calculated alfentanil brain 
lipid concentration has a greater deviation from the other 
opiates considered in our paper. However, the change from 
millimolar to micromolar does not alter our conclusions. 
David J. Stone, MD 
Cosmo A. DiFazio, MD, PhD 

of Anesthesiology 
University of Virginia Health Sciences Center 
Charlottesville, VA 22908 
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The Beelzebub Nitrogen 
and Preoxygenation 


Key Words: COMPLICATIONS, osgEsiry. 
VENTILATION, PREOXYGENATION. 


To the Editor: 


Goldberg et al. compared two different techniques for 
preoxygenating morbidly obese patients (1). Their conclu- 
sion was that four vital capacity (VC) breaths of 100% 
oxygen (O.) over 30 s may be more appropriate than 3 min 
of normal tidal breathing of 100% oxygen, as both tech- 


M10R0 he tha Inteenatanal Anaathaaia Daoaamh Gaetabey 


niques were associated with similar increases in Pao, (note 
the error in the original text on, page 521, as the authors 
reported “similar increases in ‘Paco,’”). This recommenda- 
tion was based in part on their observation that the latter 
technique was associated with mild carbon dioxide (CO,) 
retention. 

Of concern to me was that despite the physical consti- 
tution of the patients studied (mean weight >137 kg) and 
their associated increased alveolar ventilation (2), the fresh 
gas inflow used in the study by Goldberg et al. (1) was only 
4 L/min through a conventional circle system and face 
mask. Compensation for the increased O, consumption 
and CO, production in the morbidly obese is accomplished 
by increases in both cardiac output and alveolar ventilation 
(2). By my calculations, the group employing “4 VC breaths 
over 30 seconds” was at considerable risk of rebreathing 
significant amounts of exhaled nitrcgen. In my estimation, 
the failure to measure end-tidal nitrogen represents a 
serious weakness in the study design and mitigates against 
its clinical application. An associated weakness in not 
measuring end-tidal or circuit nitrogen was the use of a 
“tight-fitting face mask,” a technique that unless meticu- 
lously executed, can result in sigrificant entrainment of 
room air (3). It is of interest that two recent studies 
examining this issue found that the use of four VC breaths 
was inconsistently effective in achieving appropriate alve- 
olar oxygenation in pregnant parturients (4,5). 

Preoxygenation of the morbidly cbese patient (as well as 
any other patient to whom the technique is applied) is 
directed not only at increasing the Pao, but also, and 
perhaps of greater clinical moment, to washing out the 
functional residual capacity of nitrogen, replacing it with 
O and providing a physiologic buffer and reservoir. 
Contemporary studies must attend to these related but 
separate components of preoxygenation techniques if they 
are to provide practitioners with sufficient information 
upon which to judge their clinical merit. 


Chuck Biddle, CRNA, MS 
Department of Nurse Anesthesia 
University of Kansas Medical Center 
Kansas City, KS 66103 
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In Response: 


We appreciate Mr. Biddle’s comments concerning our 
study (1). We agree with him on the question of fresh gas 
flow rate and nitrogen accumulation within the circle sys- 
tem. We have studied nitrogen washout in a group of 
nonobese subjects and noted accumulation of nitrogen 
within the circle anesthesia system when using either 
technique at 4-L/min gas flow. Increasing fresh gas flow to 
8 L/min improves nitrogen washout when using the 3-min 
technique while increasing fresh gas flow to the maximum 
deliverable by the anesthesia machine (14-18 L/min) im- 
proves nitrogen washout with the four-deep-breath tech- 
nique (unpublished results). Parturients with their smaller 
functional residual capacity’s achieve adequate denitroge- 
nation with either technique at 8-L/min fresh gas flow (2). 
While we have not studied denitrogenation in obese sub- 
jects, we would predict that they would behave as the 
parturients as they also have markedly diminished func- 
tional residual capacity (3). 

Mr. Biddle is correct that monitoring a leak-free mask fit 
is essential for preoxygenation with the four-breath tech- 
nique; however, it has long been known that mask leaks 
can also significantly hinder preoxygenation during tidal 
breathing (4). 

Clinically, both preoxygenation techniques produce sim- 
ilar increases in Pao, and provide adequate oxygenation 
during rapid sequence induration and intubation. While 
the 3-min technique may provide slightly better denitro- 


genation and protection against apnic hypoxemia (5), con-. 


tinuous monitoring of oxygen saturation allows the anes- 
thesiologist to assess oxygenation throughout induction 
and intubation regardless of preoxygenation technique. 


Mark C. Norris, Mp 
Michael E. Goldberg, mp 
Department of Anesthesiology 
Jefferson Medical College 

111 South 11th Street, Suite 6275 
Philadelphia, PA 19107 
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Pulse Oximeters 


Key Words: MEASUREMENT TECHNIQUES— 
oximetry. OXYGEN, MEASUREMENT-——oximetry. 


To the Editor: 


In a recent paper (1) Alexander, Teller, and Gross reported 
on their findings in a comparison of pulse oximeters. The 
background information on the principles of pulse oximetry 
and the section on the limitations of the technique are 
useful to all practitioners currently employing the monitor- 
ing technique. A thorough understanding of how a piece ol 
equipment works as well as what might cause it to perform 
in a way other than expected is helpful in obtaining the besi 
possible results. 

I would like to take exception to one significant defi- 
ciency in the comparison of the nine pulse oximeters. As 
mentioned, the pulse oximeters ranged in suggested price 
from $1800 to $6000. This wide range should immediately 
suggest to the reader that the authors in looking at the 
features of these oximeters were not comparing apples tc 
apples. I propose that another column be added to the 
comparison, and cost be ranked as one of the criteria. 
Further, I would suggest that the results of the rankings 
would then be significantly different. 

Whenever evaluating equipment or techniques, one 
needs to ask oneself what is the intended end result. Il 
patient protection from hypoxemia is the desired end 
product, then accurate reliable Sao, and pulse rate infor- 
mation is the criterion on which the evaluation should be 
based. And if the number of pieces of equipment that can 
be purchased is limited by a set budgetary figure, then the 
price of the product becomes another factor in the decision- 
making process. It is unfortunate that capital equipment 
budgets are often strained and many people and products 
are competing for limited dollars. We cannot ignore this 
important fact when evaluating equipment. 

Additionally, while I welcome any comparison of our 
pulse oximeters to other manufacturers’ products, I would 
hope that authors would take into consideration that the 
field of patient monitoring is rapidly changing. There will 
be major changes and enhancements in all products be- 
tween the completion of any study and publication of the 
results. All results should be judged within this context. 


Patricia R. Faubert 

Criticare Systems, Inc. 

20900 Swenson Drive, Suite 398 
Waukesha, WI 53186 
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In Response: 


Ms. Faubert raises valid concerns regarding the decision 
process for selecting pulse oximeters. Clearly, in this era of 
finite resources, cost is an important factor in all equipment 
purchasing decisions. However, we specifically excluded 
cost from our rankings table (1) for the following reasons: 


1. Oximeters are often sold at considerable discounts from 
the list prices; some manufacturers have offered three- 
for-the-price-of-two incentives, while others offer large 
discounts for volume purchasers. Therefore, we felt it 
more appropriate for purchasers to determine their final 
cost for the oximeter(s) in which they are interested, 
rather than for us to tabulate the list prices published by 
the manufacturers. 

2. Any attempt to include price in our overall rankings 
would have required that we somehow relate cost to 
oximeter performance. This relationship would be ex- 
pected to vary between institutions depending upon the 
availability of funding; therefore, the general applicabil- 
ity of our findings would be decreased. 


The Criticare 501+ oximeter, like several of the others 
we evaluated, lacks several features which we consider 
important in choosing a pulse oximeter. Specifically, the 
pulse-beep indication does not change in pitch with 5,03, 
its alarm sound is difficult to localize (it sounds like a 
paging beeper), and it does not perform well when placed 
on the same arm as a blood pressure cuff. Additionally, its 
large, outboard, power transformer covers two duplex 
outlets, and is likely to break if accidentally dropped on the 
floor. Based upon its overall performance, it appeared in 
the middle of our rankings. 

Interestingly, Criticare makes a more advanced pulse 
oximeter, the model 502. Unfortunately, although it had 
been introduced before the beginning of our evaluation, the 
manufacturer did not choose to send this full-featured 
model for evaluation. 

We recognize that the field of patient monitoring is 
rapidly changing; therefore, we believe that it is most 
important to understand the principles underlying our 
evaluations before reaching a decision. On this basis, it 
should be possible to compare newly introduced oximeters 
in an informed, rational manner. 


Christian M. Alexander, MD 
Lynn E. Teller, MD 

Jeffrey B. Gross, MD 
Departments of Anesthesia 
University of Pennsylvania and 
Philadelphia VA Medical Center 
Philadelphia, PA 19104 
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LETTERS TO THE EDITOR 


Lumbar Plexus Blocks and Lumbar 
Plexus Nerve Blocks 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL—lumbar plexus block. 


To the Editor: 


We read with interest the report by Parkinson et al. (1) on 
lumbar plexus blocks and we congratulate the authors for 
this well-conducted study. However, we would like to 
make three comments. 

Our first remark deals with anatomy. As stated in the 
paper, the fifth lumbar nerve may emerge below the psoas 
muscle but, in most cases, it does not the psoas muscle 
usually “arises from 1) the anterior surface and lower 
borders of the transverse processes of all the lumbar verte- 
brae, 2) by five digitations, each from the bodies of two 
vertebrae and their intervertebral disc (...)” (2). Even 
when. uncovered by the muscle at its emergence from the 
spinal canal, this nerve runs only a short distance within 
the paravertebral space before it enters the psoas fascia and 
muscle. Although we occasionally have contacted it while it 
traversed the paravertebral space, we believe it more likely 
that we reached its perineural space within the substance of 
the psoas muscle (3). Because (a) the epineurium of spinal 
nerves is in continuity with the dura mater, and (b) the 
epidural solution may spread a considerable distance along 
spinal nerves (4), the local anesthetic might have spread 
along the nerve in the direction of the epidural space 
without diffusing within the paravertebral space. Recently, 
one of our pediatric patients developed spinal anesthesia 
following Winnie’s technique of lumbar plexus block (5). 
The spread of the local anesthetic toward the subarachnoid 
space could not be explained by the paravertebral hypoth- 
esis. The site of injection (and insertion route of the block 
needle) was such that neither direct penetration of the 
subarachnoid space nor puncture of an arachnoid granula- 
tion protruding through the spinal dura (a common event 
in the root sleeve region, close to the spinal ganglia) could 
have occurred. The more likely hypotkesis is still that of 
direct spread from the perineural space, along the perineu- 
rium, in the direction of the spinal canal. We should keep in 
mind that the limits between the subarachnoid, epidural, 
and perineural spaces are variable, even in adults, and that 
unexpected (and usually undesirable) diffusion of local 
anesthetic along the neuraxis may occasionally occur after a 
technically well-performed peripheral nerve block. 

Another point we would like to comment on is the 
assessment of the “3-in-1” block as a lumbar plexus block. 
The lumbar plexus lies entirely within the substance of the 
psoas muscle; only peripheral nerves issuing from the 
lumbar plexus, not the lumbar plexus itself, emerge from its 
borders. Furthermore, the only lumbar plexus nerves con- 
tacting the quadratus lumbarum muscle (and its aponeuro- 
sis) are the ilioinguinal, iliohypogastric, lateral femoral 
cutaneous, and genitofemoral nerves. In their original 
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article, Winnie et al. (6) reported certain clinical data that 
must be considered basically sound, particularly as they 
were subsequently confirmed by clinical practice in a num- 
ber of patients. In their hypotheses aimed at providing an 
explanation for these clinical features, they suggested that 
the anesthetic could spread medially in the direction of the 
lumbar plexus and, in support of this, they provided x-rays 
taken after injection of contrast material (6). However, none 
of the illustrations showed spread of the anesthetic solution 
medially enough to be consistent with this hypothesis. 
Even if the local anesthetic entered the space between the 
psoas and quadratus lumbarum muscles, only the four 
nerves emerging at this level would have been blocked: in 
reality, the 3-in-1 block would have become a 4-in-1 block 
(plus femoral nerve block), but with no effect upon the 
obturator nerve. This is, basically, what Parkinson et al. 
observed (1). In any case, 3-in-1 blocks should not be 
considered lumbar plexus blocks but only multieffective 
lumbar plexus nerve blocks. 

The fact remains that a number of patients, and not only 
those from Winnie’s study (6), have developed readily 
evident obturator nerve blockade after “3-in-1” blocking 
procedures. In addition, several cases of unexpected block- 
ade of lumbar plexus nerves have been reported following 
various blocking procedures. Sharrock (7) and also Lons- 
dale (8) have observed inadvertent 3-in-1 blocks following 
attempts to block the lateral femoral cutaneous nerve only. 
Roy-Shapira et al. (9) reported two pediatric cases of 
transient quadriceps paresis following local inguinal block. 
It can be suspected that a link exists between these appar- 
ently unrelated events. This link may be the complex fascia 
covering both the iliacus and psoas muscles, from the 
lumbar paravertebral area to the upper part of the thigh, 
i.e., the fascia iliaca. 

All the nerves issuing from the lumbar plexus run a 
significant part of their course immediately below the fascia 
iliaca at their emergence from the psoas muscle. Thus, if a 
sufficient volume of local anesthetic is injected below this 
fascia, it may contact all of the lumbar plexus nerves, 
including the obturator nerve. This may occur (a) when the 
block needle enters the sheath surrounding each lumbar 
plexus nerve, or (b) if the fascia iliaca, which lies below the 
fascia lata at the level of the thigh, is either involuntarily 
punctured during an attempt to block the lateral cutaneous 
nerve of the thigh or deliberately overpassed to achieve 
what we call a “fascia iliaca compartment block” (10,11). 
Because of the emergence of the obturator nerve at the 
lateral border of the psoas muscle, only large amounts of 
local anesthetics can reach the nerve. as observed by 
Winnie et al. (6). 

The last point we would like to comment on is the 
methodology for evaluating nerve blockade. The lateral 
femoral cutaneous nerve is thin and divides into two still 
thinner terminal branches at the level of the inguinal 
ligament. Furthermore, it is a sensory nerve, i.e., it is 
formed by unmyelinated and poorly myelinated nerve 
fibers only. Such a nerve is extremely easy to block with 


small amounts of local anesthetic. Conversely, the femora 
nerve is a large mixed nerve: thus one might expect thai 
blocking its richly myelinated A-a motor fibers would 
require larger amounts of anesthetic. However, the femora 
nerve divides in several terminal branches at the level of, 01 
immediately below, the inguinal ligament. When sensory 
or motor blocks develop in dermatomes and myotome: 
supplied by the femoral nerve, they may result from 
blockade of either the main trunk or, more likely, it: 
division branches (thinner, thus easier to block with low: 
concentration anesthetic solutions). 

On the other hand, the obturator nerve is a large nerve 
that divides into two branches that are also large before 
entering the thigh. The latter divide into terminal branche: 
at a distance from their emergence from the psoas borde: 
that is considerably greater than is seen with the femora 
nerve. As it is mainly a motor nerve, the obturator nerve is 
formed by largely myelinated fibers that require highe: 
concentrations of local anesthetics to be blocked. Even i 
small amounts of the local anesthetic injected by Parkinsor 
et al. (1) had reached the obturator nerve (following 3-in-1 
block), it can be imagined that most motor fibers migh: 
have remained unaffected, whereas sensory fibers coulc 
have been blocked (we agree that evaluating the sensory 
distribution of the obturator nerve is difficult). We believe 
that the methodology of Parkinson et al. does not permi 
the conclusion that the local anesthetic cannot reach the 
obturator nerve following 3-in-1 blocks. The problem o: 
reliability and safety of obturator nerve block by the 3-in-] 
approach or of multieffective sacral plexus nerve block by 
posterior lumbar plexus approaches is different. While we 
believe that such attempts can be successful, we agree wit! 
Parkinson et al. (1) that neither procedure (i.e., 3-in-1 block 
for blocking the obturator nerve and posterior lumba) 
plexus block for blocking sacral plexus nerves) is bott 
reliable and safe because of the large doses of local anes 
thetic needed. Neither procedure should be recommendec 
when such distant nerves are to be blocked. 


Bernard Dalens, MD 

Alain Tanguy, MD 

Guy Vanneuville, MD 
Pavillon Gosselin 

Hôtel-Dieu, B.P. 69 

63003 Clermont-Ferrand, France 
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In Response: 


We appreciate the comments by Dalens et al. and feel that 
this provides an appropriate forum to discuss several issues 
regarding lower extremity anesthesia. 

Perhaps our methodology does not permit the conclu- 
sion that the local anesthetic cannot reach the obturator 
nerve following 3-in-1 blocks (inguinal paravascular tech- 
nique), but we continue to contend that it does not travel 
proximally far enough in sufficient quantity to block the 
obturator nerve, even at doses of 0.5 mL/kg. Dalens, in his 
paper on lumbar plexus block in children (1), stated that the 
obturator nerve may remain unaffected in a number of 
cases in which the 3-in-1 block is used. We perform 10-20 
leg block anesthetics weekly at our institution and routinely 
use them as the sole anesthetic for major knee surgery 
(e.g., ligament reconstruction, total knee replacement). The 
3-in-1 block (in combination with a sciatic nerve block), 
because it spares the obturator nerve, has routinely proven 
to be inadequate for significant knee surgery. Our com- 
bined experience approximates 2000 leg-block anesthetics, 
and we have yet to see a complete obturator nerve block 
after a 3-in-1 approach was used. This is not meant to imply 
that the inguinal paravascular approach is not useful, for it 
is an effective and simple block for many procedures 
requiring anesthesia or analgesia of the lower extremity in 
the distribution of the femoral and lateral femoral cutane- 
ous nerves. 

The original paper by Winnie et al. on the inguinal 
paravascular approach (2) introduced an excellent tech- 
nique and is quoted frequently in many anesthesia text- 
books. However, we seriously challenge the results with 
regard to the technique’s efficacy for blocking the obturator 
nerve. It is in reality a functional 2-in-1 block (femoral and 
lateral femoral cutaneous nerves) (3). The original article 
did not state how the various nerves were assessed. If 
successful surgery was the determinant, then a list of the 
procedures performed and supplementation required 
should have been included. Perhaps an unbiased observer 
should attempt a study in which the 3-in-1 block, along 
with sciatic nerve block, is evaluated as the primary anes- 
thetic for a series of patients undergoing total knee recon- 
struction or knee replacement. The problem lies in the 
paucity of institutions performing leg-block anesthetics on 
a regular basis, thus work in this area may go (and has 
gone) years without substantiation or repudiation. 
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The lumbosacral plexus block proposed in another oft- 
quoted paper (4) was neither studied ncr evaluated by the 
authors in that particular treatise. Yet, the idea of combined 
lumbar and sacral plexus blockade (or its peripheral nerve 
equivalent) from a single posterior approach persists in a 
number of anesthesia texts, even though no studies docu- 
ment it. To date, no true ipsilateral lumbosacral plexus 
block, providing complete anesthesia of the lower extrem- 
ity with a single injection, has been proven. 

Greene addressed the problem of semantics and re- 
gional anesthesia in a recent editorial (5), focusing mainly 
on spinal and epidural terminology. Similar concern for the 
nomenclature of lower extremity anesthesia is appropriate. 
The terms “3-in-1 block” and “lumbosacral plexus block” 
are misleading and should be discarded or renamed (such 
as the 2-in-1 block and the psoas compartment block). 


Stephen K. Parkinson, mp 
James B. Mueller, mp 
William L. Little, po 
Steven L. Bailey, MD 
Department of Anesthesiology 
Naval Hospital 

Portsmouth, VA 23708 
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Coronary Artery Vasospasm 
Following Placement of a Cold Liver 
Graft During Orthotopic 


Liver Transplantation 


Key Words: SURGERY, TRANSPLANTATION—liver. 
LIVER, TRANSPLANTATION—Ccoronary spasm. 


To the Editor: 


We wish to report a complication of orthotopic liver trans- 
plantation (OLT) that has not been previously described. 

A 19-yr-old white female patient with Wilson’s disease 
developed fulminant liver failure and underwent OLT. 
Liver function progressively deteriorated over the next 6 
mo as a result of chronic rejection. A second liver transplant 
was therefore planned. The preoperative evaluation dem- 
onstrated normal cardiovascular function. 

The operation proceeded uneventfully until the anhe- 
patic phase. Immediately after placement of the cold donor 
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Table 1. Benzyl Alcohol Content of Drugs Used in Anesthesia 


Amount of 
Vial volume benzyl alcohol 
Drug, concentration Manufacturer (mL) (mg/mL) 

Succiny!choline, 20 mg/mL Organon 10 10 
Pancuronium, 1 mg/mL Organon 10 10 
Atracurium, 10 mg/mL Burroughs-Welcome 10 9 
d-Tubocurarine, 3 mg/mL Squibb 10 9 
Midazolam, 5 mg/mL Roche 1 10 
Diazepam, 10 mg/mL Roche 1 10 
Atropine, 0.4 mg/mL Elkins-Sinn 20 15 
Glycopyrrolate, 0.2 mg/mL American Regent Lab 5 9 
Heparin, 1000 U/mL Elkins-Sinn 10 10 

Wyeth 10 10 

Upjohn 10 10 
Doxapram, 1 mg/mL AH Robbins 20 9 
Aminocaproic acid, 250 mg/mL Lederle 20 9 
Procainamide, 500 mg/mL ESI Pharmac 2 9 


liver into the abdomen, the patient developed a nodal 
rhythm with inverted P waves and 0.9-mV ST segment 
elevation in lead II. Nifedipine (10 mg) was given sublin- 
gually. ST segment elevation decreased to 0.5 mV and sinus 
rhythm returned within 5 min. Pulmonary artery temper- 
ature decreased from 34.9° to 33.9°C on initiation of veno- 
venous bypass. It further decreased to 33.4°C at the time of 
placement of the liver in the abdomen and to 32.5°C 
following graft reperfusion. By this time, ST segment 
elevation decreased to 0.2 mV and then gradually became 
isoelectric. The procedure concluded uneventfully. 
Coronary vasospasm provoked by a cold pressor test has 
been reported (1,2), but not in the context of OLT. We 
believe that these events resulted from the placement of the 
cold liver immediately beneath the diaphragm, with con- 
duction of the cold temperature to the lower surface of the 
heart causing vasospasm of the right coronary artery. This 
was partially relieved by nifedipine, but did not resolve 
completely until the liver graft was reperfused and thus 
rewarmed. Major hemodynamic changes may take place 
during graft reperfusion, and an ischemic heart may be less 
able to respond well to these events. Therefore, we recom- 
mend continuous ST segment monitoring during OLT. 


Michael A. E. Ramsay, MD 
Flavio Takaoka, MD 
Marc R. Brown, MD 


Paul Rosenlöf, BSc 
Department of Anesthesiology 
Baylor University Medical Center 
Dallas, TX 75146 


References 


1. Kaski JC, Crea F, Meran D, et al. Local coronary supersensitivity to 
diverse vasoconstrictive stimuli in patients with variant angina. Circula- 
tion 1986;74:1255-65. 


2. Shea DL, Ockene IS, Greene HL. Acute myocardial infarction provoked 
by a cold pressor test. Chest 1981;80:649-51. 





eee 


Inadvertent Benzyl Alcohol 
Administration in Neonates: Do 
We Contribute? 


Key Words: TOXICITY, BENZYL ALCOHOL. 
ANESTHESIA, PEDIATRIC—benzy] alcohol toxicity. 


To the Editor: 


Anesthesiologists frequently give medications from multi- 
ple dose vials, many of which contain benzyl alcohol as a 
preservative. There is increasing concern that benzyl alco- 
hol administration may be associated with “gasping 
syndrome,” kernicterus, and intraventricular hemorrhage 
in premature neonates (1,2). Although it was originally 
believed that more than 99 mg/kg of benzyl alcohol must be 
administered to produce “gasping syndrome” (1), it has 
recently been suggested that any dose of benzyl alcohol 
administered to premature neonates may be associated 
with kernicterus and intraventricular hemorrhage (2). This 
had led to the recommendation that fluids containing 
benzyl alcohol be avoided when dealing with premature 
neonates (3). 

The purpose of this letter is to draw attention to the fact 
that many medications commonly used in anesthesia con- 
tain benzyl alcohol. Some of these medications are listed 
together with their content of benzyl alcohol in Table 1. 
Alternatives to some of these medications can be used. 
Vecuronium powder (Organon) does not contain a preser- 
vative; however, the sterile water provided with it contains 
9 mg/mL of benzyl alcohol. Vecuronium can be reconsti- 
tuted instead with preservative-free water. Atracurium 
(Burroughs Wellcome) contains no preservatives when 
supplied in single dose ampuls. 

Intravenous barbiturates (thiopental, thiamylal, and 
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methohexital) are free of benzyl alcohol when reconstituted 
with preservative-free water or saline. Multiple dose ket- 
amine, although free from benzyl alcohol, contains 0.1% 
benzethonium chloride, the effects of which have not been 
studied in premature neonates. Multiple dose vials of other 
drugs used in anesthesia (neostigmine, edrophonium, and 
lidocaine) do not contain benzyl alcohol but many contain 
other preservatives. 

Administration during anesthesia of one or more of the 
drugs listed in Table 1 is by itself unlikely to present the 
premature neonate with a large benzyl alcohol load. How- 
ever, premature neonates may also receive multiple other 
drugs in the neonatal intensive care unit, some of which 
may contain benzyl alcohol. As there may be no safe lower 
dose of benzyl alcohol in these patients, it would seem 
prudent to avoid the use of multiple dose vials containing 
benzyl alcohol whenever alternatives exist. 


Paul Reynolds, mp 

Niall Wilton MRCP, FFARCS 

The University of Michigan Medical Center 
C.S. Mott Children’s Hospital 

Rm. C4139, Box 0800 

Ann Arbor, MI 48109-0800 
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A Method of Securing 
Epidural Catheters 


Key Words: ANESTHETIC TECHNIQUES, 
EPIDURAL. 


To the Editor: 


The practitioner who inserts epidural catheters percutane- 
ously is occasionally frustrated when the tape securing the 
catheter loses contact due to repeated shear forces caused 
by patient movement or as a result of perspiration accumu- 
lating under the tape. This can lead to dislodgement or 
kinking of the epidural catheter. Methods to prevent this 
inciude (a) painting the skin surface with tincture of ben- 
zoin to create better adhesion between the skin surface and 
tape; and (b) suturing the catheter to the skin. Suturing the 
catheter to the skin, in our experience, results both in 
occasional occlusion of the catheter secondary to overtight 
knots and in sutures cutting into the catheter wall, causing 
leaks. 

We would like to describe a simple technique of securing 
epidural catheters to patient’s skin utilizing two double 
stick disks (No. 2181, 3M Medical Surgical Division, St. 
Paul, Minn.) that are commonly used to hold precordial 
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Figure 1. The patient is lying in the lateral position with the head 
to the right of the photograph. Double stick disks have been placed 
along the intended catheter route, and the catheter is placed in 
contact with the disks. The paper covering the double stick disks 
has been only partially removed, for illustrative purposes. 
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Figure 2. A transparent adhesive dressing covers the catheter, the 
double stick disks, and the catheter entry site. 


stethoscopes in place and are readily found in most anes- 
thesia departments. 

After the placement of the catheter -p in the epidural 
space, the skin surrounding the point of entry of the 
catheter through the skin is painted with tincture of ben- 
zoin and allowed to dry. Two double stick disks with 
adhesive surfaces on both sides are then placed on the skin 
along the catheter’s intended course, and the catheter is 
gently placed in contact with both disks (Figure 1). A 10 x 
12-cm transparent adhesive dressing (Nc. 1626, 3M Medical 
Surgical Division) is then applied covering the catheter, the 
site of its entry through the skin, and both disks (Figure 2). 
Adhesive tape is applied over the remaining cephalad- 
directed catheter. This allows the easy visualization of the 
catheter insertion site and “sandwiches” the catheter be- 
tween two adhesive surfaces, a maneuver that more se- 
curely maintains catheter position under the dressing and 
therefore decreases the possibility of catheter dislodge- 
ment. 
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This technique has been used successfully in more than 
50 patients over a 6-mo period with no instance of catheter 
dislodgement. We have had instances where the edges of 
the transparent adhesive dressing have lifted off the skin, 
but in no patient was there lifting of the double stick disks 
from the skin, and the double stick disks prevented the 
dressing from coming off. 

The only disadvantage to date has been encountered 
during dressing changes, because of difficulty in separating 
the adhesive “sandwich” from the catheter. We found it 
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easier to carefully trim the adhesive dressing close to the 
catheter using scissors and apply new double stick disks to 
the skin before another transparent adhesive dressing is 
applied. 

Lester G. Schmitt, CRNA 

David A. Ullman, MD 


Mary Imogene Bassett Hospital 
One Atwell Road 
Cooperstown, NY 13326-1394 


Book Reviews 


Anesthesia 
W. S. Nimmo and G. Smith, eds. Boston: Blackwell 
Scientific Publications, 1989. 2 Vol, 1496 pp, $149.50. 


Several anesthesia textbooks in English are now available to 
the anesthesia community. Should we procure every one of 
them or just select one that best fits our taste and needs? Of 
course, budgetary constraints are usually the determining 
factor. But if money is not an issue, I believe “the more, the 
merrier.” 

To make a point, I compared information on nitrous 
oxide in three modern anesthesia textbooks (Table 1). 
Clearly, each contains important bits of information that 
the other two do not. One feels the power of knowledge 
when several textbooks are under one’s finger tips. 

Nimmo and Smith's Anaesthesia is the most recent anes- 
thesia textbook in English to come to light. Eighty-one 
chapters are written by 94 authors and organized into two 
volumes. The first volume primarily covers the scientific 
basis of anesthesia and general anesthesia. The second 
volume covers regional anesthesia, local anesthetics, pain 
management, and critical care. 

The editors, in their preface, state that the “text was 
designed primarily . . . for anaesthetists preparing for the 
new final part of the FFARCS” and that the editors’ aim 
was “to provide . . . virtually all the anaesthetic informa- 
tion required by a candidate.” Some chapters are indeed 
very well written, informative, and exhaustive. These in- 
clude chapters on the physiology of the heart, lung, kid- 
ney, and neuromuscular junction, as well as chapters on 
anesthesia for thoracic surgery, regional anesthesia, local 
anesthetics, and pain management. Other chapters, how- 
ever, are less complete or contain controversial statements. 
Examples of one latter include the statement that the MAC 
of volatile anesthetic agents is lower in myxedema and 
higher in thyrotoxicosis (p 36) (MAC is independent of 
thyroid function; Anesthesiology 1968;19:1094) and that 
myasthenia gravis patients are sensitive to succinylcholine 
(p 797) (they are resistant to succinylcholine, although 
phase II block may appear earlier than usual; Anesthesiol- 
ogy 1988;69:760). 

The brief chapter on immunology and anesthesia states 
repeatedly (pp 223, 227, 230) that “problems of an appar- 
ently immunological nature encountered by the anesthe- 
tist” include “the occurrence of postoperative infections 
and occasional rapid growth of metastases in the cancer 
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patient.” No references are offered in support of this 
statement. Eventually, the author of this chapter admits 
that the clinical significance of the changes in the immune 
system of the surgical patient is “dubious.” But, he insists, 
“in certain situations [?] the changes mey well allow rapid 
growth of opportunistic infections and metastatic growth” 
(p 230). 

Several chapters lack important information. A table on 
antiarrhythmic drugs (p 615) omits calcium channel block- 
ers. The section on obstetric anesthesia does not mention 
fetal monitoring. The metabolic rates of various volatile 
anesthetic agents and their byproducts could not be found. 
The section on hyperparathyroidism fails to mention the 
potential cardiac complications of hypercalcemia. The sec- 
tion on malignant hyperthermia (pp 70-1) neither men- 
tions hypercarbia nor recommends that the patient in 
hyperthermic crisis be hyperventilatec. The section on 
myasthenia gravis (p 797) does not mention the many 
reports on the safe use of nondepolarizing muscle relaxants 
in these patients. Despite numerous reports of serious and 
sometimes fatal complications after succnylcholine admin- 
istration (Anesthesiology 1984;61:173), there is no warning 
regarding the use of this drug in patients with muscular 
dystrophy (p 800). 

Chapter citations vary greatly, with important state- 
ments, some controversial, being made without revealing a 


Table 1. Significant Facts About Nitrous Oxide, Each 
Found in Only One of the Three Anesthesia Textbooks 
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source. For example, a statement that halothane inhibits 
histamine-induced bronchoconstriction for approximately 
24 h after anesthesia is not referenced (p 43). 

A particular problem for the American reader is the 
exclusive use of SI units. Although a common language for 
the scientific community is important, the fact remains that 
most American readers are not conversant with SI units. 
This reviewer would have preferred to see the editors 
empathize with their American cousins and include the 
alternate units to, which American anesthesiologists are 
accustomed. 


Isaac Azar, MD 

Beth Israel Medical Center 
Mount Sinai School of Medicine 
New York, New York 


Textbook of Pediatric Anesthetic Practice 
E. Sumner and D. S. Hatch, eds. London: Bailliére 
Tindall, 1989, 603 pp, $79.00. 


This is a new textbook of pediatric anesthesia, edited by 
experienced physicians from The Hospital for Sick Chil- 
dren, Great Ormond Street, London. Although the list of 
contributors is an international one, the flavor of the 
practice described is that of the United Kingdom, providing 
a refreshing perspective for American readers. The editors’ 
intent was to offer a text designed primarily for the general 
and trainee anesthetist, while perhaps serving as a refer- 
ence for the specialist in pediatric anesthesia as well. 

It is difficult to say which of these audiences is best 
served. The generalist will find that most aspects of modern 
pediatric anesthesia are discussed, with a fair sprinkling of 
clinically useful and practical advice. A number of topics, 
however, seem more geared to the specialist: anesthesia for 
pediatric liver, heart, and heart-lung transplantation are 
examples. Both audiences will likely be confused with the 
organization of the subject matter, for it is just not easy to 
predict where a given subject will be found. The index is 
sometimes helpful, but not consistently sọ, and one finds 
oneself paging through many sections to find a specific 
topic. The specialist may fare better here, being able to 
generate an educated guess as to where to look. 

There are a number of chapters that are quite nicely 
done. The discussion of psychological preparation for sur- 
gery is practical and informed. The chapter on intravenous 
agents stresses the differences in pharmacokinetics found 
during development, providing a solid framework on 
which the individual drugs are considered. Similarly, mus- 
cle relaxants are presented with emphasis on age-related 
changes in actions and elimination; this section is especially 
well referenced. 

The chapters on monitoring, neonatal physiology, car- 
diac disease, regional anesthesia, and postoperative care 
are all good, with a nice balance between clinical practical- 
ity and more in-depth consideration of basic concepts. 
Although caudal and epidural anesthetics are well covered, 
there is little discussion of spinal anesthesia, and no men- 
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tion of neuraxial narcotics or patient-controlled analgesia i 
either of the latter two sections. I have to award four star 
to the chapters on liver and heart/heart-lung transplants 
They are brief but complete and clinically useful discus 
sions of rather complex subjects. The chapter coverin; 
“unusual conditions” has an extensive set of tables c 
congenital syndromes, organized by the body system 
affected, with particular attention to those syndromes wit 
congenital heart disease. 

The remainder of the book is uneven in quality, wit 
some very good discussions and others that are less help 
ful. The chapter on fluid and electrolytes focuses exces 
sively on major disturbances of hydration, and discusse 
the difficult areas of renal function, and fluid and electrc 
lyte homeostasis in a confusing rather than illuminatin 
fashion. There is no consideration of parenteral nutritior 
Issues relating to intensive care are only peripherally dis 
cussed; there is only fleeting mention of extracorporeé 
membrane oxygenation. The somewhat arbitrary organizz 
tion of the subject material has the result that some topic 
are discussed in several sections (e.g., upper airway ot 
struction), whereas others are almost forgotten (scoliosis i 
the only orthopedic entity included, and it is found in th 
chapter on neurosurgical anesthesia). 

Despite the above limitations, this book does indee 
review most aspects of contemporary pediatric anesthesi 
in a concise, timely, readable fashion. It successfully corr 
bines the practicality of a “handbook” with the depth of 
more expansive textbook. It will be a useful addition to th 
anesthesia library, where it will be consulted by the gene) 
alist and specialist alike. 


Robert C. Pascucci, MD 
Department of Anesthesia 
The Children’s Hospital 

and Harvard Medical School 
Boston, Massachusetts 


Cardiopulmonary Bypass: Current Concepts 
and Controversies 

John N. Tinker, ed. Philadelphia: W. B. Saunders, 1989, 
156 pp, $45.00. 


Cardiopulmonary bypass (CPB), described by one of th 
authors here as “a pragmatic exercise in controlled pathc 
physiology,” is one of the most common support proce 
dures performed in the United States. Despite its successft 
use for more than three decades, CPB practice varies widel 
and is accompanied by numerous gaps of knowledge an 
areas of controversy. This book attempts to define th 
known and explore the unknown. 

The book is the third annual volume in the Society < 
Cardiovascular Anesthesiologists Monograph series. This 
teen authors from seven academic centers have crafte: 
seven chapters that cover such topics as temperature an 
blood gases, effects of CPB on cerebral function, hemoste 
sis, weaning from CPB, and the postperfusion syndrome 

The title meets the high standards of its two predeces 
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sors in the series. A wealth of information is offered in a 
brief, concise text. The chapters have extensive, up-to-date 
references, with a high of 180 and a low of 20, and in four 
other chapters ranging between 60 and 90. Tables and 
figures are uncluttered and well labeled and explained. 
Bold-faced phrases are used frequently to divide chapters 
into logical and manageable units, and the book has an 
adequate index. Finally, by today’s ever-inflating standard, 
the book is modestly priced. A recent survey by the jobber 
Majors Scientific Books, Inc., showed that anesthesia texts 
distributed during the first 6 months of 1989 averaged more 
than $100 in cost. At $45, this book is a real bargain. 


William A. Lell, mp 

A. J. Wright, MLS 

Department of Anesthesiology 
University of Alabama Medical Center 
Birmingham, Alabama 


Transplant Surgery: Anaesthesia and 
Perioperative Care (Volume 16, Monographs 
in Anaesthesiology) 

J. V. Farman, ed. New York: Elsevier Science Publishing 
Co., 1988, 424 pp, $179.00. 


The anesthetic and perioperative care of patients undergo- 
ing organ transplantation is a new, challenging, and rap- 
idly growing area for anesthesiologists and intensivists. 
John Farman was a pioneer in transplantation anesthesiol- 
ogy, and the group of Cambridge authors he assembled for 
this book is one of the most experienced in the field. Thus, 
Transplant Surgery: Anaesthesia and Perioperative Care is a 
welcome addition to the limited references available. Al- 
though most subjects relevant to the perioperative care of 
transplant recipients are well covered in detail, additional 
information on two areas would have improved this book. 
First, the book’s clinical information is based largely on the 
Cambridge group's experience. Although this is unques- 
tionably valuable, more discussion of controversial clinical 
issues would have been welcome. Second, most of the 
information is drawn from the literature and practice re- 
lated to kidney transplantation, and coverage of other types 
of transplantation is relatively limited. 
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The book's 17 chapters are organized in three sections: 
Basic Principles, The Donor, and Clinical Organ Transplan- 
tation. The first two chapters provide clear descriptions of 
the immunologic and pathologic phenomena of graft rejec- 
tion, topics unfamiliar to most anesthesiologists. The next 
two chapters deal with immunosufpressive regimens and 
their complications and provide detailed descriptions of 
various infections and malignancy, although specific com- 
plications associated with each agent should have been 
included. “The Diagnosis of Death . . .”” is an excellent and 
very informative chapter on the historical background, 
clinical signs, and tests that confirm brain death. The 
discussion of donor preparation in-ludes donor selection 
criteria, nursing care, and administration of the brain-dead 
organ donor. Information on the pathophysiologic changes 
in the brain-dead patient should have b2en added as most 
health care personnel in peripheral hospitals, the most 
common organ procurement sites, re unfamiliar with this 
subject. The chapter on preservation of the donor organ 
clearly illustrates the basic principles of preservation. 

The third section describes clinical management of trans- 
plantation of kidneys (three chapters), heart (two chapters), 
liver (three chapters), and pancrezs, bone marrow, and 
other tissues (one chapter each). These chapters include 
indications, recipient preparation, surgical procedure, and 
anesthetic and postoperative care. The extensive coverage 
of kidney transplantation is a valuable reference. 

In summary, this book is a welcome addition to the 
published information in a relatively new field. Anesthesi- 
ologists and trainees interested in organ transplantation 
will find this book a good reference, especially on immu- 
nology, brain death, organ preservation, and various as- 
pects of kidney transplantation. For those beginning spe- 
cialized anesthesia programs for transplantation of other 
organs, additional, more specific information will be re- 
quired. 


Yoogoo Kang, MD 
Department of Anesthesiology 
School of Medicine 

University of Pittsburgh 
Pittsburgh, Pennsylvania 
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mepivacaine, motor and sensory 
blockade, 739 
morphine, postoperative pain relief, 
compared with patient-controlled 
intravenous, 826 
narcotics, outpatiznt pain treatment 
(letter), 408 
needle, advancement (letter), 691 
needle, inability to thread catheter 
(letter), 267 
nitrogen-spazing affects, 354 
obstetric, hypotension following, 604 
sympathetic block, intraneural 
recordings in, 788 
thoracic, central hemodynamic effects, 
unstable angina, 558 
thoracic, hemodynamic function and 
oxygen sudply-demand 
relationship, 3€0 
thymectomy, in myasthenia gravis, 
529 
treatment of angina (editorial), 555 
hypotensive l 
enflurane, isoflurane, catecholamine 
and renin-angiotensin responses, 
467 
isoflurane, blood loss and number of 
transfusion effects, in orthognathic 
surgery, 379 
nitroprusside, esmolol potentiation of, 
202 
trimethaphan, lett bundle branch 
block (letter), 413 
regional 
celiac plexus block, for hepatic arterial 
embolization, intravenous morphine 
comparison wizh, 398 
femoral nerve block, 705 
interpleural, bup:vacaine, for 
postoperative pain during lactation, 
400 


interpleural, for extracorporeal shock 
wave lithctripsy (letter), 551 

interpleural, upper extremity reflex 
sympathetic dystrophy treatment 
with, 671 
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intravenous, Bier block, interaction of 
lidocaine and hypothermia, 53 
lumbar plexus block (letter), 852 
lumbar plexus block, fascia iliaca 
block, 705 
penile block, via subpubic space, in 
children, 41 
sciatic nerve block (letter), 260, 262 
spinal 
bupivacaine, temperature, sensory 
and motor blockade and, 593 
bupivacaine, time-courses of zones of 
differential sensory blockade 
during, 342 
bupivacaine, visceral pain during 
cesarean section effects, 46 
buprenorphine, urodynamic effects, 
348 
dibucaine, duration, epinephrine 
effects on, 819 
drug metabolism effects, 307 
dura mater fibers orientation in, 768 
fentanyl, for labor, 122. 
fentanyl, urodynamic effects, 348 
hypobaric, level and duration of, 
injection rate effect on, 496 
impulse transmission during, 15 
lightning pain, in tabes dorsalis 
(letter), 268 
morphine, for labor, 122 
morphine, spinal cord distribution, 
323 
needles, transdural fluid leak rate 
determination by, 457 
neuropeptides, clinical uses (letter), 
416 
pain, tourniquet (letter), 410 
pancuronium, subarachnoid injection, 
516 
tetracaine, time-courses of zones of 
differential sensory blockade, 342 
Anesthetics, gases 
nitrous oxide 
intravenous, thiopental prolongation 
of survival in hypoxia and (letter), 
408 
left ventricular function and atrial 
elastance effects, halothane- 
fentanyl-pancuronium and, 313 
nerve palsies after (letter), 136 
sympathetic outflow augmentation by, 
444 
Theodore Dreiser's “Laughing Gas,” 
391 
Anesthetics, intravenous 
alfentanil 
midazolam synergism with, 213 
diazepam 
first-pass uptake, in lung, 461 
etomidate 
hemodynamic and cardiodynamic 
effects, 35 
myoclonus associated with, 256 
fentanyl 


atrial natriuretic factor plasma level 
effects (letter), 549 
near-awakening from, 169 
ketamine 
malignant hyperthermia and, 501 
midazolam 
synergism with alfentanil, 213 
propofol 
atrioventricular Mobitz I block during, 
524 
hemodynamic and cardiodynamic 
effects, 35 
hemodynamic changes associated 
with, atropine and glycopyrrolate 
effects on, 386 
plasma concentrations, myocardial 
contractility and left ventricular 
afterload effects, 473 
sufentanil 
negative chronotropic actions, 4 
thiopental 
first-pass uptake, in lung, 461 
halothane, isoflurane hepatotoxicity 
and, 491 
Anesthetics, local 
2-chloroprocaine 
intrathecal, neurologic deficit 
following, 113 
bupivacaine 
celiac plexus block, for hepatic arterial 
embolization, 398 
epidural, motor and sensory blocks 
after, 739 
intravenous, hemodynamic and 
central nervous system effects, 291 
intravenous, toxic doses, 
cardiovascular effects and 
mechanisms of death, 276 
myocardial contractility, depression 
mechanisms, 732 
pharmacokinetics, time-dependent 
changes in (letter), 423 
smooth muscle contraction, 504 
spinal, temperature, sensory and 
motor blockade and, 593 
spinal, time-courses of zones of 
differential sensory blockade, 342 
toxicity, compared with ropivacaine, 


visceral pain during cesarean section, 
46 
cocaine 
toxicity, esmolol management of, 663 
dibucaine 
spinal, duration, epinephrine effects 
on, 819 
etidocaine 
epidural, motor and sensory blocks 
after, 739 
lidocaine i 
interaction with hypothermia, in Bier 
blocks, 53 
intraocular pressure effects, in 
children, 687 
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intravenous, hemodynamic and 
central nervous system effects, 291 
intravenous, toxic doses, 
cardiovascular effects and 
mechanisms of death, 276 i 
left bundle branch block following, 
545 
smooth muscle contraction effects, 5( 
mepivacaine 
epidural, motor and sensory blocks, 
739 
ropivacaine 
disposition kinetics, 736 
intravenous, hemodynamic and 
central nervous system effects, 291 
intravenous, toxic doses, 
cardiovascular effects and 
mechanisms of death, 276 
toxicity, compared with bupivacaine, 


tetracaine 
hypobaric, level and duration of, 
injection rate effects on, 496 
smooth muscle contraction effects, 5 
spinal, time-courses of zones of 
differential sensory blockade 
during, 342 
toxicity 
bupivacaine, convulsant and 
supraconvulsant doses, 794 
ropivacaine, convulsant and 
supraconvulsant doses, 794 
Anesthetics, volatile 
desflurane 
solubility, in human tissue, 370 
solubility, in plastics and rubber 
composing anesthetic circuit, 218 
diethyl ether 
acetylcholine, histamine, 
phenylephrine bronchoconstriction 
and, 226 
enflurane 
atrial baroflex function effects, 284 
contractile response of trachealis 
muscle, 60 
hemodynamic changes and oxygen 
consumption in burned patient, 43 
hypotensive, catecholamine and 
renin-angiotensin responses, 467 
halothane 
allogeneic sarcoma growth, 570 
heart conduction system effects, 721 
hepatic cell ultrastructure effects, 
compared with isoflurane, 491 
intravenous injection, toxicity, 250 
solubility, in human tissue, 370 
solubility, in plastics and rubber 
composing anesthetic circuit, 218 
succinylcholine administration durin, 
jaw muscle effects, 76 
1-653 
solubility, in human tissue, 370 
solubility, in plastics and rubber 
composing anesthetic circuit, 218 
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isoflurane 
atrial baroflex function effects, 
compared with enflurane, 284 
hemodynamic changes and oxygen 
consumption in burned patient, 431 
hepatic cell ultrastructure effects, 
compared with halothane, 491 
hypotensive, blood loss in 
orthognathic surgery, 379 
hypotensive, catecholamine and 
renin-angiotensin responses, 467 
inorganic fluoride concentrations, 843 
metabolism, isoniazid, effects, 245 
myocardial necrosis, 575 
near-awakening from, 169 
solubility, in human tissue, 370 
solubility, in plastics and rubber, 218 
uptake and elimination, membrane 
oxygenators, 657 
ventilatory and cardiovascular 
responses to sufentanil, 300 
methoxyflurane 
host defense alterations, 163 
sevoflurane 
solubility, in human tissue, 370 
solubility, in plastics and rubber 
composing anesthetic circuit, 218 
Angina 
see Heart 
see Pain 
Angiotensin 
see Enzymes 
see Polypeptides 
Antagonists 
narcotic 
naloxone, CO, levels and (letter), 421 
Anxiety, see Psychological responses 
Aspiration 
see Complications 
see Gastrointestinal tract, stomach 
see Lung 
Atracurium, see Neuromuscular relaxants 
Atrial natriuretic factor, see Polypeptides 
Atropine, see Parasympathetic nervous 
system 
Autotransfusion, see Transfusion 


Baroreceptors 
see Receptors 
see Reflexes 
Benzodiazepines, see Hypnotics 
Benzyl alcohol, see Toxicity 
Bier block, see Anesthetic techniques, 
regional intravenous 
Biotransformation, drug 
amino acid parenteral nutrition effects 
on, 727 
propranolol 
spinal anesthesia, 307 
Block 
see Anesthetic techniques, regional, 
spinal, epidural 
see Heart 


Blood 
coagulation 
ACT (letter), 142 
fibrin glue, anaphylactic reaction to, 
684 
viscoelastic measures of, after 
cardiopulmonary bypass, 69 
hemodilution 
cardiovascular effects, 174 
platelets 
thrombocytopenia, 
pseudothrombocytopenia, in elderly 
patient, 396 
Blood pressure 
hypertension 
cardiogenic, chemoreflex, 633 
hypotension 
isoflurane-induced, blood loss and 
number of transfusions effects, in 
orthognathic surgery, 379 
measurement 
oscillometric, from adult thumb, 668 
monitoring 
during CPR, disposable device for 
(letter), 418 
reflex control 
(editorial), 273 
enflurane, isoflurane effects, 284 
Book reviews 
Anesthesia and the Heart Patient 
(Estafanous FG) [Bashein C], 270 
Anesthesia and the Lung (Stanley T, 
Sperry R) [Goldman JM, Brown P], 
695 
Anesthesia in Obstetrics and 
Gynecology, Vol 3, No 1 of Problems 
in Anesthesia Series (Hood DD) 
[Youngstrem PC], 427 
Anesthesiology Clinics of North 
America Management of 
Postoperative Pain (Oden RV) [Wall 
RT], 427 
Cancer Pain (Abram SE) [de Jong RH], 
270 
Cardiac Monitoring, Anesthesiology 
Clinics of North America, December 
1988 (Barash PG) [Diaz JH], 695 
Cardiopulmonary Bypass: Current 
Concepts and Controversies (Tinker 
JN) [Lell WA, Wright AJ], 859 
Cardiovascular Anesthesia and 
Postoperative Care, 2nd Edition 
(Tarhan S) [Quinlan JJ], 696 
Clinical Anatomy for Anesthesiologists 
(Snell RS, Katz J) [Rorie DK], 271 
Clinical Anesthesia (Barash PG, Culler 
BF, Stoelting RK) [Azar I], 145 
Effective Hemostasis in Cardiac Surgery 
(Ellison N, Jobes DR) [Davis RF], 146 
General Anaesthesia, 5th Edition (Nunn 
JF, Utting JE, Brown BR Jr) [Ellison 
N], 145 
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Illustrated Manual of Regional 
Anesthesia (Raj P, Nolte H, 
Stanton-Hicks M) [Gissen AJ], 147 

Molecular Biology and Cellular 
Mechanisms of Septic Shock, Progress 
in Clinical and Biological Research, 
Volume 286 (Roth BL, Nielsen TB, 
McKee AE) [Traber DL], 693 

On Chloroform and Other Anaesthetics: 
Their Action and Administration 
(Snow J) [Gild W], 694 

Risk and Outcome in Anesthesia (Brown 
DL) [Gild W], 694 

Surgery for Anaesthetists (Zorab JSM) 
[Ballinger CM], 693 

Textbook of Pediatric Anesthetic Practice 
(Tindall B) [Pascucci RC], 859 

Transplant Surgery Anaesthesia and 
Perioperative Care (Volume 16, 
Monographs in Anaesthesiology) 
(Farman JV) [Kang Y], 860 

Yearbook of Anesthesia (Miller RD, 
Kirby RR) [Szabo MD, Crosby G], 426 

Books received, 696 
Brain 
electroencephalography 
near-awakening from isoflurane and 
fentanyl determination by, 169 
endorphins 
pituitary-adrenal stress response and, 
197 
evoked potentials 
impulse transmission during spinal 
anesthesia measurement by, 15 
pituitary-adrenal and hypothalamic 
pituitary connections, absence of, 
stress response in, 197 
Breathing, see Ventilation 
Bronchi, see Lung 
Bullous pemphigoid, see Complications 
Bupivacaine, see Anesthetics, local 
Bupremorphine, see Analgesics 
Burns, see Complications 


Calcium, see Ions 
Cancer 
chemotherapy 
doxorubicin, cardiovascular collapse 
and (letter), 138 
halothane and, 570 
Carbon dioxide 
capnography 
biphasic waveform, 829 
hepatic circulation and (editorial), 149 
hypercarbia 
splanchnic circulation and hepatic 
function effects, 152 
hypocarbia 
splanchnic circulation and hepatic 
function effects, 152 
Cardiovascular system 
see Anesthesia, cardiovascular 
see Heart 
see Reflexes 
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see Surgery 
see Veins 
Carotid bodies, see Receptors, chemo 
Catheters, see Equipment 
Celiac plexus, see Anesthetic techniques, 
regional 
Cerebrospinal fluid 
sciatica and (letter), 261 
Cesarean section, see Anesthesia, obstetric 
Chemoreceptors, see Receptors 
Children, see Anesthesia, pediatric 
2-Chloroprocaine, see Anesthetics, local 
Cimetidine 
see Gastrointestinal tract, stomach 
see Pharmacology 
Circuits, see Equipment, anesthesia 
circuits 
Clonidine, see Sympathetic nervous 
system, pharmacology 
Coagulation, see Blood 
Cocaine, see Anesthetics, local 
Colloid, see Fluid balance 
Complications 
aspiration 
acid, 87 
gastric pH and volume and (letter), 
417 
bullous pemphigoid 
anesthetic management of, 537 
burns 
hemodynamic changes and oxygen 
consumption during enflurane or 
isoflurane anesthesia, 431 
diabetes 
difficult laryngoscopy (letter), 550 
tracheal intubation, difficult (letter), 
419 
disconnections 
prevention (letter), 414 
headache 
after dural puncture, prevention, 
epidural blood patch for, 522 
laryngeal atresia 
in newborn, management, 535 
long thoracic nerve palsy, 614 
myasthenia gravis 
sensitivity to pancuronium in, 840 
transsternal thymectomy in, thoracic 
epidural anesthesia for, 529 
obesity 
preoxygenation, Beelzebub nitrogen 
and (letter), 850 
sinusitis 
prolonged nasotracheal intubation 
and, 50 
tracheal tube obstruction, 116 
Conduction, see Heart 
Conduction anesthesia, see Anesthetic 
techniques, regional 
Cornea, see Eye 
Corticosterone, see Hormones 
Costs, see Economics 
Crystalloids, see Fluid balance 


Cyclosporin, see Immune responses, 
suppression 
Cylinders, see Equipment 


Dental, see Surgery 
Diabetes 

see Complications 

see Metabolism 
Dibucaine, see Anesthetics, local 
Diethyl ether, see Anesthetics, volatile 
Diltiazem 

see Heart 

see Pharmacology 
Disconnections, see Complications 
Dorsal horn, see Spinal cord 
Doxorubicin, see Cancer, chemotherapy 
Dreiser, Theodore, see History 
Dura mater 

see Anatomy 

see Anesthetic techniques, spinal 


Economics 
costs of monitoring 
cardiac surgery, 336 
Education 
aphorisms (letter), 141 
specialty training (editorial), 1 
writing 
clarity (letter), 413 
Electrocardiography 
see Heart 
see Monitoring 
Electroconvulsive therapy, see Anesthesia 
Embolism 
air 
cesarean section, head-up tilt and, 620 
during Harrington instrumentation, 
132 
during hip arthrography (letter), 264 
Endobronchial 
see Anesthetic techniques 
see Equipment, tubes 
Endotracheal 
see Anesthetic techniques 
see Equipment, tubes 
see Intubation, tracheal 
Enflurane, see Anesthetics, volatile 
Enzymes 
angiotensin converting 
enalaprilat, in congestive heart failure, 
833 
Epidural 
see Anatomy 
see Anesthetic techniques 
Equipment 
ampules 
labeling, imprecise (letter), 137 
anesthesia circuits 
Bain, humidity of, 83 
circle, humidity of, 83 
circle, spontaneous ventilation with, 
484 
closed, low flow, 1-653, sevoflurane, 
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isoflurane and halothane induction 
and recovery and, 218 
Jackson-Rees, spontaneous ventilation 
with, 484 
blood pressure monitor 
disposable device (letter), 418 
catheters 
epidural, inability to thread through 
needle (letter), 267 
cylinders, oxygen 
contaminated, 674 
Eschmann Introducer 
modification, for end-tidal carbon 
dioxide measurement, 129 
gloves 
reinforced, AIDS infection protection 
by (letter), 407 
humidifiers 
impedance to breathing effects, 374 
inhalers 
anesthetic adapter for (letter), 266 
IV infusion bag 
diffusion of felt-tip marker pen ink 
into (letter), 412 
laser surgery, 802 
marker ink 
diffusion into intravenous bag (letter), 
412 
tourniquets 
hypothermia and (letter), 549 
response to deflation, 541 
tubes, endobronchial 
double-lumen, cuff pressures, 
bronchial rupture and, 608 
tubes, endotracheal 
kinked, airway obstruction from, 116 
laser surgery, 802 
oral, damage to (letter), 552 
Errata, 147 
Esmolol 
see Heart 
see Sympathetic nervous system, 
pharmacology 
Esophagus, see Gastrointestinal tract 
Ether, see Anesthetics, volatile, diethyl 
ether 
Etidocaine, see Anesthetics, local 
Etomidate, see Anesthetics, intravenous 
Evoked potentials, see Brain 
Extradural, see Anesthetic techniques, 
epidural 
Eye 
cornea 
abrasion, during anesthesia, 384 
intraocular pressure 
lidocaine, succinylcholine and tracheal 
intubation effects, in children, 687 
nitroglycerine, succinylcholine and 
(letter), 139 


Famotidine 
see Gastrointestinal tract, stomach 
see Histamine 
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Femoral nerve 
see Anatomy 
see Anesthetic techniques, regional 
see Nerves 
Fentanyl 
see Analgesics 
see Anesthetics, intravenous 
Fibrin, see Blood, coagulation 
Fluid balance 
colloid 
hydroxyethyl starch (editorial), 699 
crystalloid 
hypertonic saline (editorial), 699 
in septic shock, 714 
Fluoride, see lons 


Gastrointestinal tract 
esophagus 
perforation, neonatal, during 
resuscitation, 532 
stomach 
famotidine effects on, 680 
pH and volume, cut-off values (letter), 
417 
ranitidine effects on, 680 
Gloves, see Equipment 
Glycine, see Metabolism 
Glycopyrolate, see Parasympathetic 
nervous system 


Halothane, see Anesthetics, volatile 
Headache, see Complications 
Heart 
angina 
treatment with epidural block 
(editorial), 555 
asystole 
mitral valve prolapse, after needle 
puncture, 126 
block 
left bundle branch, following 
lidocaine, 545 
right bundle branch, trimethaphan 
precipitated (letter), 413 
chemoreflexes 
hypertensive, 633 
conduction 
atrioventricular, halothane effects, 721 
diltiazem 
sufentanil, vecuronium effects, 4 
end-systolic pressure-length 
relationships 
nitrous oxide, halothane-fentanyl, 
pancuronium and, 313 
ischemia 
isoflurane effects, 575 
thoracic epidural, central 
hemodynamic effects, 558 
myocardial function 
esmolol potentiation of 
nitroprusside-induced hypotension, 
202 
propofol effects, 473 
myocardium 


contractility, bupivacaine-induced 
depression, 732 

propranolol 
sufentanil, vecuronium effects, 4 

rhythm 
cardiac pacing, noninvasive 

transcutaneous, 229 
Hemodilution, see Blood 
Histamine 

cimetidine (letter), 264 

famotidine 
gastric volume and pH effects, 

compared to ranitidine, 680 
H, blockers 
ranitidine, atracurium-induced 
neuromuscular blockade and, 611 
ranitidine, gastric volume and pH 
effects, compared to famotidine, 680 
Historical Notes 

McMechan FH, McMechan L: Elmer 
Isaac McKesson, MD, Anesthetist: His 
life and work. Anesthesia and 
Analgesia: 1937;16:1-6 [259] 

Rovenstine EA: Anesthesia: 
Organization for teaching. Anesthesia 
and Analgesia: 1937;16:318-22 [118] 

Sword BC: The closed circuit method of 
administration of gas anesthesia. 
Anesthesia and Analgesia: 
1930;9:198-202 [322] 

Thoms H: Walter Channing and the 
introduction of anesthesia in 
childbirth. Anesthesia and Analgesia: 
1936;11:1-4 [244] 

History 

Theodore Dreiser 

“Laughing Gas,” 391 
Hormones 

corticosterone 

pituitary-adrenal stress response and, 
197 

prostaglandin E, 

intrapulmonary shunt fraction effects, 
665 
Humidification 

intraoperative 

pediatric, temperature, 783 
Humidifiers, see Equipment 
Hydroxyethyl starch, see Fluid balance, 

colloid 
Hypercarbia, see Carbon dioxide 
Hypertension, see Blood pressure 
Hyperthermia 

malignant 

caffeine halothane muscle contracture 
test, standardization of, 511 

caffeine halothane muscle contracture 
test, standardization of (editorial), 
429 

contracture testing protocol, 
standardization of, 437 

in hemodialysis patient, 119 

ketamine and, 501 
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myoglobinuria in pediatric patients, 
846 
Hypnotics 
benzodiazepines 
midazolam, sedation, aminophylline 
reversal of (letter), 268 
midazolam, synergism with alfentanil, 
213 
Hypocarbia, see Carbon dioxide 
Hypothalamus, see Brain 
Hypoxia 
postoperative 
factors influencing, 207 


Immune response 
halothane and, 570 
inhalation anesthesia effects, 163 
suppression 
cyclosporine, in liver transplantation, 
773 
transfusions effect, 163 
Induction 
anesthesia 
alfentanil, midazolam synergism with, 
213 
midazolam, synergism with alfentanil, 
213 
Infection 
avoidance 
AIDS, reinforced gloves and (letter), 
407 
effects of transfusions and inhalation 
anesthesia, 163 
sinusitis 
prolonged nasotracheal intubation 
and, 50 
syphilis (letter), 268 
Infusion sets, see Equipment 
Inhalers, see Equipment 
Interactions, drug 
benzodiazepines, opioids, 213 
Interpleural, see Anesthetic techniques, 
regional 
Intraocular pressure, see Eye 
Intrapleural, see Anesthetic techniques, 
regional, interpleural 
Intravenous anesthesia, see Anesthetic 
techniques, intravenous 
Introducer, Eschmann, see Equipment 
Intubation 
endobronchial 
endotracheal tube extension for 
(letter), 548 
tracheal 
blind, by monitoring end-tidal CO, 
(letter), 412 
diabetes and (letter), 550 
in diabetes (letter), 419 
Eschmann Introducer modification 
for, 129 
methods of detection, 627 
mivacurium, succinylcholine, in 
outpatient surgery, 93 





nasal, prolonged, paranasal sinus 
inflammation and, 50 
nasal, safety, adapter for (letter), 135 
Ions 
calcium 
tissue function control, 100 
fluoride 
concentrations, isoniazid effects on, 
245 
magnesium 
central nervous system effects on 
(letter), 691 
serum potassium 
T-wave changes and, 
electroconvulsive therapy and, 677 
Isoflurane, see Anesthetics, volatile 
Isoniazid, see Pharmacology 


Jehovah's Witnesses 
see Medicolegal 


see Organizations 


Kidney 

failure 

malignant hyperthermia in, 119 
transplantation 

orthoclone, adverse responses to, 822 
urodynamics 

spinal opioids effects, fentanyl, 

buprenorphine, 348 


Larynx 


atresia 
in newborn, management of, 535 
Laser, see Surgery 
Lidocaine, see Anesthetics, local 
Lithotripsy 
see Anesthesia, urologic 
see Surgery, urologic 
Liver 
blood flow 
carbon dioxide and (editorial), 149 
hypocapnia and hypercapnia, effects 
on, 152 
cirrhosis 
glycine and ammonia metabolism in, 
776 
function 
hypocapnia and hypercapnia effects 
on, 152 
hepatotoxicity 
halothane, 491 
isoflurane, 491 
transplantation 
coronary spasm during (letter), 854 
cyclosporine efficacy in, 773 
Local anesthetics, see Anesthetics, local 
Long thoracic nerve, see Nerve 
Lumbar plexus, see Anesthetic 
techniques, regional 
Lung l 
adult respiratory distress syndrome, 
pulmonary surfactant and, 805 
- aspiration 


acid, 86 
bronchi 

bronchoconstriction, ether and, 226 
drug uptake 

verapamil, diazepam, thiopental, 461 
trachea 

muscle tone, enflurane effects on, 60 


Magnesium, see lons 
Malignant hyperthermia, see 
Hyperthermia 
Measurement techniques 
blood pressure 
oscillometric, from adult thumb, 668 
electroencephalography 
near-awakening from isoflurane and 
fentanyl determination by, 169 
electromyography 
abdominal muscle activity, 
intraabdominal pressure effects, 598 
oximetry 
buccal sensor for (letter), 417 
comparisons in (letter), 851 
pulse oximetry 
fingerprinting ink effect on (letter), 
265 


henna effect (letter), 416 
probe disconnection (letter), 265 
temperature, pediatric, 192 
ulnar train-of-four stimulation, 242 
Medicolegal 
Jehovah’s Witnesses 
transfusion, 647 
Mepivacaine, see Anesthetics, local 
Metabolism 
ammonia 
cirrhosis and, 776 
enzyme induction 
metabolites, isoniazid and, 245 
glycine 
cirrhosis and, 776 
hypoglycemia 
thiamine prevention of Wernicke’s 
encephalopathy and (letter), 407 
nutrition 
amino acids, drug metabolism, 727 
postoperative, nitrogen balance, 
epidural anesthesia effects, 354 
Methoxyflurane, see Anesthetics, volatile 
Midazolam, see Hypnotics, 
benzodiazepines 
Mitrai valve, see Heart 
Mivacurium, see Neuromuscular relaxants 
Monitoring 
blood pressure 
disposable device, during CPR (letter), 
418 
costs 
cardiac surgery, 336 
mandibular nerve stimulation 
succinylcholine and, 158 
train-of-four 
during facial nerve stimulation, 242 
succinylcholine and, 158 


twitch tension 
succinylcholine and, 158 
Morphine, see Analgesics 
Muscle, skeletal 
abdominal 
pattern of activity postoperatively, 
intraabdominal pressure effects, ! 
Muscle, smooth 
local anesthetic effects, 504 


Naloxone, see Antagonists, narcotic 
Needles, see Equipment 
Neonates 
see Anesthesia, obstetric 
see Anesthesia, pediatric 
Nerve 
evoked potentials 
lidocaine and hypothermia interacti 
effects, 53 
long, thoracic 
postoperative palsy, 614 
sciatic 
pain (letter), 260, 261, 262 
Neuromuscular relaxants 
atracurium 
interaction with inhalational 
anesthetics, 752 
ranitidine effects, 611 
ulnar train-of-four stimulation in fa 
movement prediction and, 242 
mivacurium 
tracheal intubating conditions and, 
outpatient surgery, 93 
pancuronium 
interaction with inhalation 
anesthetics, 752 
sensitivity to, in myasthenia gravis, 
840 
subarachnoid injection of, accident 
516 
pipecuronium 
interaction with inhalation 
anesthetics, 752 
succinylcholine 
effects on masseter and adductor 
pollicis muscles, 158 
intraocular pressure and, in childre 
637 
intraocular pressure and (letter), 13 
jaw muscles, effects, 76 
potassium levels, effects, 677 
tracheal intubating conditions and, 
outpatient surgery, 93 
vecuronium 
continuous infusion, increased 
requirements for, 518 
injection rate, 624 
interaction with inhalation 
anesthetics, 752 
jaw muscles, effects, 76 
negative chronotropic actions, 4 
Neuromuscular transmission 
differential effects 
succinylcholine and, 158 
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Neuropeptides, see Polypeptides 
Neurosurgery 
see Anesthesia 
see Surgery 
Nitroglycerin 
see Anesthetic techniques, hypotensive 
see Pharmacology 
Nitroprusside 
see Anesthetic techniques, hypotensive 
see Pharmacology 
Nitrous oxide, see Anesthetics, gases 
Nutrition, see Metabolism 


Obesity, see Complications 
Obstetrics, see Anesthesia, obstetric 
Ophthalmology, see Surgery, 
ophthalmologic 
Opioids, see Analgesics 
Organizations 
Jehovah's Witnesses 
transfusion, 647 
Orthoclone, see Kidney, transplantation 
Orthopedics, see Surgery, orthopedic 
Outpatient anesthesia, see Anesthesia, 
outpatient 
Oximetry 
see Measurement techniques 
see Oxygen, measurement 
Oxygen 
cylinders 
contaminated, 674 
measurement 
oximetry, comparisons in (letter), 851 
supply/demand ratio 
epidural anesthesia effects, 360 
therapeutic 
arterial desaturation effects, 207 


Pacing 
cardiac, see Heart 
Pain 
angina 
thoracic epidural central 
hemodynamic effects and, 558 
cancer, epidural narcotics, outpatient 
treatment with (letter), 408 
deafferentation 
epidural clonidine in (letter), 424 
postoperative 
hepatic arterial embolization, celiac 
plexus block comparison to 
intravenous morphine for, 398 
morphine, epidural compared to 
patient-controlled intravenous, 826 
poststernotomy, 81, 692 (letter) 
pseudosciatica (letter), 261 
sciatic (letter), 260, 261, 262 
tourniquet 
bupivacaine, tetracaine spinal 
anesthesia and (letter), 410 
Paralysis 
see Muscle, skeletal 
see Nerve 
see Neuromuscular transmission 


Parasympathetic nervous system 
atropine 
propofol, alfentanil hemodynamic 
changes effects, 386 
glycopyrrolate 
propofol, alfentanil hemodynamic 
changes effects, 386 
Pediatrics, see Anesthesia, pediatric 
Penile block, see Anesthetic techniques, 
penile block 
Pentamorphone, see Analgesics 
Peridural, see Anesthetic techniques, 
epidural 
Pharmacokinetics 
diazepam 
first-pass uptake, in lung, 461 
local anesthetics 
bupivacaine, time-dependent changes 
in (letter), 423 
ropivacaine, 736 
thiopental 
first-pass uptake, in lung, 461 
verapamil 
first-pass uptake, in lung, 461 
Pharmacology 
aminophylline 
reversal of midazolam sedation 
(letter), 268 
diltiazem 
sufentanil, vecuronium effects on, 4 
isoniazid 
enflurane metabolism and fluoride 
concentrations and, 245 
lidocaine 
tachyphylaxis, 180 
Pipecuronium, see Neuromuscular 
relaxants 
Pituitary, see Brain 
Platelets, see Blood 
Polypeptides 
atrial natriuretic 
plasma levels, fentanyl effects on 
(letter), 549 
neuropeptides 
subarachnoid, clinical uses (letter), 416 
Potassium, see Ions 
Premedication 
oral transmucosal 
fentanyl citrate, in children, 28 
fentanyl citrate (lollipop), 21 
Preoxygenation 
see Oxygen 
see Ventilation 
Propofol, see Anesthetics, intravenous 
Propranolol, see Sympathetic nervous 
system, pharmacology 
Prostaglandins, see Hormones 
Protein 
amino acid parenteral nutrition 
drug metabolism effects, 727 
Psychological responses 
anxiety 
preoperative, 763 


SUBJECT INDEX 


Ranitidine 
see Gastrointestinal tract, stomach 
see Histamine 
Receptors 
chemo 
carotid body, fentanyl inhibition of, 
756 
pressoreceptors 
enflurane, isoflurane effects, 284 
spinal cord pain receptors 
adenosine, hyperesthesia modulation 
effects, 587 
Reflexes 
baroreceptor 
arterial blood pressure control and 
(editorial), 273 
enflurane, isoflurane effects, 284 
chemoreceptors 
cardiac, 633 
Respiration, see Ventilation 
Respiratory distress syndrome, see Lung 
Ropivacaine, see Anesthetics, local 


Saline, see Fluid balance, crystalloid 
Sciatic nerve block, see Anesthetic 
techniques, regional 
Sciatica, see Pain 
Serotonin 
cardiogenic hypertension elicited by, 633 
Sevoflurane, see Anesthetics, volatile 
Shock 
septic 
resuscitation, fluid (editorial), 699 
resuscitation, hypertonic saline 
solution-Hetastarch for, 714 
Sinusitis, see Complications 
Skeletal muscle 
adductor pollicis 
succinylcholine effects at, 158 
masseter 
succinylcholine effects at, 158 
Smithisms, see Education, aphorisms 
Solubility 
partition coefficients 
for anesthetic circuit components, 218 
volatile anesthetics, 370 
Spinal anesthesia, see Anesthetic 
techniques, spinal 
Spinal cord 
clonidine effects, 185 
laminae of dorsal horn 
morphine effects on, 323 
pain receptors 
adenosine, hyperesthesia modulation 
effects, 587 
Statistics 
power (letter), 263 
Stomach, see Gastrointestinal tract 
Succinylcholine, see Neuromuscular 
relaxants 
Sufentanil 
see Analgesics 
see Anesthetics, intravenous 
Surfactant, see Lung 
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A Surgery Sympathetic nervous system halothane 
ay, abdominal pharmacology pulmonary, 250 
. abdominal muscle activity effects on clonidine, 185, 424 (letter) local anesthetics 
` intraabdominal pressure following, esmolol, 202 bupivacaine, 291, 563, 794 
i 598 nitrous oxide, 444 lidocaine, 276, 291 
cardiac propranolol, 307 ropivacaine, 276, 291, 563, 794 
> noninvasive transcutaneous cardiac reflex dystrophy Trachea, see Lung 
pacing, 229 upper extremity, interpleural Train of four 
cardiovascular analgesia in treatment of, 671 see Measurement techniques 
cardiopulmonary bypass, viscoelastic see Neuromuscular relaxants 
measurement of coagulation after, Teaching, see Education Transfusion 
° 69 Techniques autotransfusor 


poststernotomy neuralgia, 81 
poststernctomy neuralgia (letter), 692 
dental 
orthognathic, isoflurane-induced 
hypotension in, 379 
laser 
endotracheal tube for, 802 
orthopedic 
air embolism, during hip 
arthrography (letter), 264 
transplantation 
kidney, orthoclone, adverse responses 
to, 922 
liver, coronary artery vasospasm 
during (letter), 854 
liver, cyclosporine efficacy in, 773 
urologic 
lithotripsy, heart synchronized 
ventilation during (letter), 139 
transurethral prostatectomy, serum 
ammonia levels after, 776 


transcutaneous cardiac pacing, 229 
Temperature 
body 
measurement sites, pediatric, 192 
tourniquet hypothermia (letter), 549 
hypothermia 
lidocaine interaction and, in Bier 
block, 53 
intraoperative 
pediatric, humidification effects, 783 
Tetracaine, see Anesthetics, local 
Thiopental, see Anesthetics, intravenous 
Thrombocytopenia, see Blood, platelets 
Tourniquet 
see Equipment 
see Pain 
Toxicity 
benzyl alcohol 
in neonates (letter), 855 
bupivacaine, 276 
cardiac, 732 


fentanyl removal from blood, 239 
immunologic effects, 163 
Transplantation, see Individual organ 
Trimethaphan, see Anesthetic techniques 
hypotensive 
Tubes, see Equipment, endotracheal tube 


Urology 
see Anesthesia, urologic 
see Surgery 


Vecuronium, see Neuromuscular relaxan! 
Veins 
left superior vena cava, persistent, 393 
Vena cava, see Veins 
Ventilation 
isoflurane plus sufentanil effects, 300 
responses to tourniquet deflation, 541 
work cf breathing 
impedance, halothane and, 374 
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MEETING REGISTRATION, HOTEL RESERVATION, SCIENTIFIC MEETING INFORMATION: Will 
be mailed in late November to all IARS members. (IARS members outside of North America who plan to 
attend the meeting will receive this material by airmail upon request.) Non-I[ARS members should request 
information from the Cleveland IARS office: 3645 Warrensville Center Road, Cleveland, OH 44122. Tel: 
(216) 295-1124. 


MEETING SCHEDULE: Registration: Friday, March 9, 1-6 p.m. 
Scientific Program: Saturday—Tuesday, March 13 
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SCIENTIFIC PROGRAM 


T.H. Seldon Distinguished Lecture 
Anesthesia Mortality in Perspective 
to be given by 
Arthur S. Keats, M.D. 
Chief, Division of Cardiovascular Anesthesia 
Texas Heart Institute 
Clinical Professor of Anesthesiology 
University of Texas Health Science Center 
Houston, Texas 


REVIEW COURSE LECTURERS: 


Stephen E. Abram, MD Norig Ellison, Mp Ronald G. Pearl, mp 
James F. Arens, Mp Thomas J. Gal, MD Donald S. Prough, mp 
Frederic A. Berry, Jr., MD Arthur M-L. Lam, MD L. Brian Ready, mp 
David R. Bevan, MB Leslie Newberg Milde, mp J. Gerald Reves, mp 
Phillip O. Bridenbaugh, mp Ronald D. Miller, mp John J. Savarese, MD 
David H. Chestnut, MD Walter S. Nimmo, Mp Theodore H. Stanley, mp 
Benjamin G. Covino, MD, PhD William D. Owens, MD John H. Tinker, Mp 
Peter G. Duncan, MD Nathan L. Pace, Mp Paul F. White, php, MD 
Edmond I. Eger, II, mp Richard J. Palahniuk, mp 
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AMBULATORY ANESTHESIA—CURRENT PRACTICE AND DIRECTIONS FOR THE 1990s: 
poe L. Apfelbaum, mp, Moderator; Raafat S. Hannalah, mp, Harry Wong, MD, 
Paul F. White, PhD, Mp, Kenneth Zahl, MD 


QUALITY ASSURANCE: 
Terry S. Vitez, MD, Moderator; Bruce T. Burnett, MD, Clifford M. Friesen, Mp 


THE ROLE OF ALPHA-2 AGONISTS IN CLINICAL ANESTHESIA: 
Mervyn Maze, mD, Moderator; Kari T. Korttila, MD, Byron C. Bloor, php, Tony L. Yaksh, php 


CLINICAL AND RESEARCH PRESENTATIONS 


Approximately 450 papers and posters will be presented, including two poster discussion segments. 


REGISTRATION * CME CREDIT ° AIR TRAVEL HOTELS 


FEES: IARS Members—$225 ($250 on site) Non-members—$400 ($425 on site) 
IARS Educational Members—No fee Non-member Residents—$50 (with certification) 


CME CREDIT: Category 1—28 hours 


UNITED AND DELTA SPECIAL AIR FARES: Discounted fares available for IARS meetin registrants. 
miles a a by calling the numbers shown below and referring to the IARS meeting and file/account 
numbers indicated: 


UAL: 1-800-521-4041—Account 0012-D Delta: 1-800-241-6760—File No. P-0095 


ae CATT BE OS a 


The Society of Neurosurgical Anesthesia and 
Critical Care is a non-profit educational organi- 
zation dedicated to providing a forum for the 
professional growth of its members and other 
interested individuals. The Society creates an 

VA NAC Ç atmosphere in which clinicians interested in the 

ri optimal perioperative care of neurosurgical 

patients can share knowledge and results of 
research efforts with similarly interested col- 
leagues. SNACC conducts quality scientific 
meetings to facilitate this exchange of information 
and provides a forum for the dissemination of new 
information and research data. 








The Society of Neurosurgical 
Anesthesia and Critical Care 


invites you to attend its 


Winter Meeting 









`Ţ 


+ immediately following the IARS + 
March 14 - 15, 1990 
at the exquisite 
Sheraton Waikiki 


+ Honolulu, Hawaii + 








Featured Topics: Neuroanesthesia Update: 

Neural Trauma and Intracranial Pressure/ Spinal Cord Injury/ 
Focal Brain Ischemia: Advances and Retreats In 

Perioperative Care 


For further information regarding Society membership and 1990 Winter Meeting, please contact: 
SNACC Headquarters, 11512 Allecingie Parkway, 


Richmond, VA 23235, (804) 379-5513 
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Æ Preservative-free solutions 
Æ 0.5 mg/mL and 1 mg/mL dosage forms 
Æ 10 mL E-Z OFF™ vials—also 2-mL and 10-mL ampules 


Æ Intrathecal dosage form—1-mg, 2-mL ampule — Ui 
Æ lamper-evident “porthole” packaging š 
Æ Proven, reliable Astra quality The name says It æ= 
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